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Wadi Rum is a vast, expansive area, on both sides of which are mountains of bright red sand rocks decorated with gradual bands of 
color that give it a touch of magic and beauty, which prompted the first Nabataeans to choose it to carve the charming city of Petra 

into its rocks to be their historical capital (Umm Ishrin in Wadi Rum desert). 
Photograph by Dr. Bety S. Al-Saqarat, May 10, 2024
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Abstract

1. Introduction

A growing number of researchers have recently become 
interested in the potential dangers posed by polluted air found 
inside buildings. The levels of contaminants, found in house 
dust, particularly heavy metals, have received a significant 
amount of attention in recent years (Shi and Wang, 2021; 
Naimabadi et al., 2021; Doyi et al., 2019). Dust in the home 
is a byproduct of modern living and occurs as a result of 
the interaction of liquids, solids, and gaseous substances 
that are produced by a variety of different sources. Aerosol 
particles, solvents, fungal spores, and soil particles, brought 
in on people’s shoes, are the usual constituents of house dust. 
The precise composition is determined by multiple factors, 
including the activity of endogenous and exogenous sources 
(Gul et al., 2023; Shi and Wang, 2021). 

It is possible for airborne particles and dust from nearby 
highways that contain heavy metals to make their way into 
the interior of the house through windows or balconies. It 
has been found that homeowners who regularly vacuum their 
homes, mop their floors, and dust their furniture have lower 
levels of metal in their homes (Gul et al., 2023; Tong and 
Lam, 2000). In addition, the distribution of heavy metals in 
house dust is affected by the activities that take place inside, 
the characteristics of the house, the distance that separates 
the building from the sources of vehicular emissions, and 
the type of heating that is used (Al-Momani et al., 2015). 
The mode of heating utilized during the colder months 
has a significant impact on the concentrations of various 
heavy metals. The highest concentrations have been found 
in residential properties that heat their spaces with wood or 
olive waste. The majority of the lead, zinc, cadmium, and 
copper are associated with the carbonate phases, whereas 
the majority of the aluminum, vanadium, manganese, and 

chromium are associated with the remainder (Al-Momani et 
al., 2015).

An increase in the levels of heavy metals can have 
devastating effects on human health, particularly in 
childhood. Children are at a greater risk than adults because 
they are more likely to engage in activities that involve hand-
to-mouth activity (Tan et al., 2016). Because of this, it is 
anticipated that higher concentrations will be absorbed by 
the bodies of children as compared to adults. For example, 
a great deal of research has been done to determine how Pb 
intake affects children’s total body burden. It was discovered 
that there is a correlation between the amount of lead that 
is present in blood and the amount of lead that is present in 
household dust (Isley et al., 2022).

Several studies on heavy metal levels in Jordanian soil, 
air, street dust, and water have been published (Tarawneh 
et al., 2021; Al-Massaedh and Al-Momani 2020; Mashal et 
al., 2017). However, indoor heavy metal levels have received 
less attention (Al-Momani et al., 2015; Al-Momani, 2007). 
The goal of this study is to estimate the levels of Pb, Cd, Cu, 
Zn, Co, Ni, Cr, Fe, and Mn in indoor dust, collected from 70 
homes in Irbid, Jordan.

Keywords: Heavy metals, Indoor environment, House dust, Atomic absorption.

Chemistry Department, Yarmouk University, Irbid, Jordan

The purpose of this study is to investigate the presence of a variety of heavy metals in the household dust of residents in Irbid, 
Jordan. Seventy samples of household dust were taken from various parts of the city, digested, and analyzed using flame 
atomic absorption spectroscopy (FAAS) for the presence of Pb, Cd, Cu, Zn, Co, Ni, Cr, Fe, and Mn. The geometric mean 
concentrations were 83.4, 2.1, 531.7, 94.8, 36.2, 16.1, 126.4, 141.3, and 9278 mg/kg for Pb, Cd, Zn, Cu, Cr, Co, Ni, Mn, and 
Fe, respectively. Calculations were done to determine enrichment factors about the abundance of heavy metals in the earth’s 
crust. According to the findings, Cd and Ni are extremely enriched in the dust samples taken from indoor environments, 
whereas Pb, Cu, and Zn are only moderately so. The incorporation of dust from both indoor and outdoor sources into the 
environment of the house is thought to be the cause of the enrichment of certain elements. Calculations, based on a factor 
analysis, revealed that the outdoor dust from a variety of sources, which is typically brought inside by foot traffic, has a 
significant impact on the quality of the indoor environment.
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Irbid is Jordan’s second-largest city. It is located on flat 
land, 80 kilometers north of Jordan’s capital, Amman. From the 
north, east, and south, it is surrounded by fertile agricultural 
lands. In general, Summer in Irbid is exceptionally long, hot, 
and dry while winter is comparatively brief, cool, and wet. 
From November to mid-April, the weather is rainy, and the 
rest of the year is very dry.

2.1. Sampling site
2. Materials and Methods
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Samples of house dust were collected from a total of 
seventy different homes in Irbid City,  randomly selected 
during the winter months. The average age of the homes 
was twenty years. The vacuum cleaners were utilized in the 
gathering of the indoor dust samples  were carried in plastic 
bags during transport and storage prior to further preparation 
and examination of the samples.

All of the reagents had an analytical grade purity. HF 
had an assay of 40% (Union LAR. Supplies), and the HNO3 
had a high purity assay of 69-71% (BDH Limited, England). 
Every solution was made with deionized water, which has 
an electrical conductivity of 18.2 M. After being cleaned 
with soap, all of the glassware and plastic bottles were then 
washed completely with tap water. After that, every bottle 
was soaked in a solution containing 10% HNO3 (v/v) for 24 
hours in order to remove any heavy metal contamination. 
Before being used, the bottles were washed with deionized 
water and dried.

In all environmental studies, one of the most important 
steps that must be taken into account in order to determine 
the level of contamination by various metals is to compare 
the data with the literature. Although houses from different 
countries differ in their designs, structural materials, 
ventilation, and building codes, the inside activities and the 
contribution of the indoor environment are still common. In 
addition, comparing the data with those from relevant regions 
would help detect the outliers that could indicate analytical 
errors. Therefore, the results of this study are compared with 
those reported by other researchers in various cities and are 
presented in Table 2.

Careful inspection of the data reveals that the levels 
of major anthropogenic elements (Cu, Pb, Cr, and Cd) are 
lower than those reported in Table 2. The lead levels are five 
times lower than those reported for Ottawa, and they are 
two to three times lower than those for Sydney and Amman, 
respectively (Rasmussen et al., 2001; Doyi et al., 2019; Al-
Momani 2007). It is possible that the age of the house is to 
blame for the high levels of lead, found in some of the homes 
that were investigated. Older homes have more damaged 
interior surfaces and warped windows and doors, which 

After being dried, the samples were sieved using 
a polystyrene screen with a 250 μm opening size. 
Approximately 0.5 g sample was weighed out and placed in 
a 250 ml Teflon beaker. After adding approximately 15 ml 
of HNO3 and 4 ml of HF, the mixture was allowed to sit at 
room temperature for 24 hours. The digestion procedure is 
described in detail elsewhere (Al-Momani et al., 2015; Al-
Momani 2007). Deionized water was then used to dilute the 
digest to a volume of 50 mL and then stored in pre-cleaned 
plastic bottles.

Concentrations of Pb, Cd, Cu, Zn, Co, Ni, Cr, Fe, 
and Mn were determined using flame atomic absorption 
spectrophotometry (Varian Spectra AA, AUSTRALIA). The 
working standard solutions were prepared using standard 
stock solutions (BDH Chemicals Ltd. Poole, England). The 
external calibration curves were used to make quantitative 
determinations for each element.

Throughout the entirety of the experiment, quality control 
was kept in check through the frequent analysis of reagent 
blanks, standard samples, and standard reference materials. 
Because the concentrations shown by blank solutions were 
not significant, their values were disregarded. The calculated 
sample-to-blank concentration ratio for each of the measured 
elements was greater than 10% for all elements, providing 
further evidence that these results were accurate.

The reliability of the results of the analysis was confirmed 
by conducting additional tests on standard reference 
materials (SRM). There were a total of three SRMs that 
were utilized, and they were as follows: SRM-1646a, SRM-
1633b, and SRM-2702. SRM samples were subjected to the 
same process of digestion and analysis as regular samples. 
Overall, the results matched the certified concentrations 
very closely within a range of 5–10% for all of the elements 
that were measured.

2.2. Sample collection

2.3. Reagents and Glassware

3.2. Comparison with literature data

2.4. Sample preparation

2.5. Chemical Analysis

2.6. Quality Assurance/Quality Control

A statistical overview of the measured elements is 
presented in Table 1. The fact that the arithmetic means for 
the measured elements are higher than the geometric means 
demonstrates that the concentrations of elements, found in 
the collected dust samples, are positively skewed. Therefore, 
to provide a more accurate depiction of the data, the Ryan-
Joiner test of normality was carried out. The findings showed 
that the data are not normally distributed (p-values are less 
than 0.05). Therefore, geometric means, presented in Table 
1, more accurately represent levels rather than arithmetic 
means.

The geometric mean concentration of Zn was 
approximately 531 mg/kg, making it the second most 
abundant metal after Fe. On the contrary, the geometric 
mean concentration of Cd was 62.1 mg/kg, making it the 
least abundant metal. The following is a ranking of the heavy 
metal concentrations found in the dust, collected from the 
homes that were investigated: Fe > Zn > Mn > Ni > Cu > Pb 
> Cr > Co > Cd.y

3.1. Heavy metals in household dust
3. Results and Discussions

Element Avg. SD G-Mean Min Max

Cu 103.8 42.6 94.8 32.7 191.6

Ni 227.7 345.4 126.4 38.7 1499.8

Zn 539.7 84.7 531.7 228.6 729.8

Mn 150.0 49.8 141.3 56.7 316.4

Co 18.9 9.6 16.1 0.9 48.0

Pb 102.1 56.6 83.4 3.2 273.3

Cd 2.6 1.4 2.1 0.1 6.5

Cr 40.3 17.5 36.2 3.7 83.0

Fe 10459 3931 9278 133 20879

Table 1. Statistical summary of heavy metal concentrations (mg/kg 
dry weight) in house dust of Irbid residences.
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The aluminosilicate material is the primary component 
of elements that can be found in sediments. It is expected 
that this source will explain the observed concentrations 
if there were no anthropogenic sources. However, because 
of the contributions from a variety of man-made sources, 
the composition of house dust is altered. In studies of 
atmospheric aerosols (Al-Momani et al., 2005) and soil 
(Isley et al., 2022; Khudhur et al., 2018; Al-Omari et al, 
2012; Tong and Lam 2000; Kim and Fergusson, 1993), it is 
common practice to employ crustal enrichment factors (EFc) 
in order to ascertain the degree to which the soil composition 
has been altered. Iron was chosen as the element to serve as 
a reference because it is predominately found in the crust 
(Al-Momani et al., 2015; Al-Omari et al, 2012; Alghamdi et 
al., 2022; Madadi et al., 2022). The following formula can be 
used to determine the value of EFc:

where (Cx/CFe)sample is the element X concentration ratio 
in the sample, and  (Cx/CFe)crust is the same ratio in crustal 
material obtained from the compilation of trace elements 
in the earth’s crust by Rudnick and Gao (Rudnick and Gao 
2003). Enrichment factors that are greater than one indicate 
that crustal dust is not the only source. In general, EF values 
that are lower than 5.0 are not considered to be significant. 
Minor enrichments may result from differences in local soil 
composition and the reference soil used in EF calculations.

Figure 1 displays the crustal enrichment factors of the 

various elements that were measured. According to the 
findings, the concentrations of many elements are higher 
than their natural concentrations. The selective importation 
of small particles and the preferential removal of the coarser 
fractions during cleaning are two possible mechanisms for 
the occurrence of this phenomenon (Tong and Lam 2000). 
Both of these mechanisms have been proposed as potential 
explanations of the enrichment of elements in house dust. 

It has been observed that the values of the EF for the 
same element can vary greatly from one house to the next. 
One possible explanation for this difference is that the 
strength of the various sources changes to varying degrees. 
The level of outdoor dust from a variety of sources, which 
is typically brought inside by foot traffic, has a significant 
impact on the quality of the environment inside buildings. 
There are also other dust sources in the indoor environment, 
such as skin, hair, mites, the rubber of carpet underlays, 
fibers from clothing and furniture, cooking emissions, 
heating emissions, and cigarette smoke (Gul et al., 2023; 
Morawska and Salthammer 2003). As a consequence, the 
large variation in the EF values could be explained by the 
incorporation of dust from both inside and outside the house 
into the environment of the home.

More than 30 enrichment factors were found for Pb, 
Cd, Zn, Ni, and Cu in samples taken from house dust. 
These results must be taken as evidence of widespread 
contamination. The previously used leaded gasoline, former 
use of lead-based paint, lead solder, and lead pipe are typically 
thought to be the primary contributors to the accumulation 
of lead in house dust (Kim and Fergusson, 1993). This is 

can trap heavy metal particulate (Kim and Fergusson, 1993; 
Cheng et al., 2018; Shi and Wang, 2021).

The second group of elements is comprised of Zn, Co, 
and Mn. These elements have levels that are approximately 
in the middle of the range as shown in Table 2. The geometric 
mean concentration of Zn was found to be 532 mg/kg, which 
is higher than what was reported for Sydney, but lower than 
what was reported for Amman and Ottawa. The proximity 
of the houses to the main road, which has heavy traffic, 
may have contributed to the presence of Zn in the dust. 
The increased Zn content could have been caused by wear 
and tear of vulcanized vehicle tires as well as corrosion of 

galvanized roofs (Al-Momani 2007; Cheng et al., 2018).

This study found significantly higher levels of Ni and Fe 
than any of those reported in Table 2. The concentration of Ni 
can range from 38.7 to 1499.8 mg/kg while the concentration 
of Fe ranges from 133.2 to 20879.2 mg/kg. Anthropogenic 
sources, such as emissions from vehicles and street dust, are 
the origins of the elements of Ni and Fe found in dust. This 
includes sources originating from automobile components, 
such as tire abrasion, brushing, bearing metals, and brake 
dust (Al-Momani et al., 2015; Doyi et al., 2019; Isley et al., 
2022).

3.3. Enrichment of measured elements

Table 2. Comparison of the trace metals concentrations in indoor vacuum dust with global concentration distribution of trace metals in 
indoor dust (mg/Kg).

Pb Cd Zn Cu Cr Co Ni Mn Reference

Irbid, Jordan 83.4 2.1 531.8 94.8 36.2 16.1 126.4 141.3 This Study

Ottawa, Canada 406 6.46 717 206 86.7 8.92 63 267 Rasmussen et al., 2001

Amman, Jordan 169 2.92 1985 133 66.5 20.5 47 283.6 Al-Momani 2007

Istanbul, Turkey 28 0.8 832 156 55 5 263 136 Kurt-Karakus,  2012

Canada 210 6 833 279 117 102 Rasmussen et al., 2013

Japan 57.9 1.02 920 304 67.8 4.69 59.6 266 Yoshinaga et al., 2014

Al-Karak, Jordan 51.9 90.4 72.5 70 243.2 Al-Madanat et al., 2017

Chengdu, China 123 2.37 657 161 82.7 52.6 Cheng et al., 2018

Sydney, Australia 299 1876 272 90 50.9 220 Doyi et al., 2019

Neyshabur, Iran 56 1.93 513 158 67 9.7 92 332 Naimabadi et al., 2021



 Figure 1. Crustal enrichment factors of measured elements in house 
dust samples.

because these activities left a legacy of contamination over 
a long time. However, the most significant contributor to the 
presence of lead in the air around the world is the combustion 
of leaded gasoline by motor vehicles. Recent years have seen 
an increase in Jordan’s adoption of unleaded gasoline for 
widespread use. As a result, one should anticipate that the 
fine particles emitted from motor vehicles that contain lead 
compounds will be dispersed throughout the environment 
(Al-Omari et al 2012; Yoshinaga et al., 2014).

It is well established that an increase in the levels of 
certain elements can be attributed to contributions from a 
variety of different sources. For example, the presence of 
carpet and the use of galvanized iron roofing are two of the 
significant sources that contribute to the high levels of Zn 
that have been found in house dust. Zinc compounds are put 
to use in the vulcanization step of the manufacturing process 
for rubber (Cheng et al., 2018; Daru et al., 2012). In addition, 
homes situated close to roads are likely to have elevated 
concentrations of the heavy metals of Zn, Pb, and Cd because 
of the constant abrasion caused by passing vehicles. Ni and 
Cr are widely used in residential areas to prevent corrosion 
in office furniture and metal plating (Naimabadi et al., 2021; 
Doyi et al., 2019, Cheng et al., 2018). 

designated as the automobile emissions factor. The second 
is heavily laden with Fe and Mn. These two elements are 
typically regarded as crustal sources. The communality for 
these two elements was approximately 90%, implying that 
approximately 10% of the observed Fe and Mn could not be 
explained by this system. Zn and Cu were heavily loaded 
on the third factor. Many smelting processes emit these two 
elements simultaneously. Furthermore, Cu and Zn are the 
primary constituents of Cu-Zn brass alloys. Thus, this factor 
may be interpreted as an anthropogenic factor related to the 
Cu and Zn industries (Isley et al., 2022). 

The fourth factor had a significant loading by both Ni and 
Cr. These two elements are commonly found in residential 
areas due to their widespread use in the manufacture of 
office furniture and metal plating for corrosion prevention. 
Thus this factor is related to stainless steel (Yoshinaga et al., 
2014).

Factor analysis was performed using the SPSS program 
package with varimax rotation to improve the orthogonality 
of resolved factors. The varimax rotated principal factor 
patterns for the four-factor groups (Eigenvalues > 1) 
explained 72.4% of the total variance (Table 2). The last 
column in the Table contains the communalities for the 
observed concentrations. The communality for an element 
reflects the percentage of the observed concentration that has 
been explained by the specific factors (sources).

The first component consists of the elements Co, Pb, 
and Cd. All of these elements are anthropogenic in nature. 
Pb, on the other hand, is commonly used as a marker 
element for motor vehicle emissions, so this factor has been 

3.4. Principal component analysis

4. Conclusion
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Abstract

1. Introduction

2. Materials and Methods 

Black carbon (BC) is one of the elements that contribute 
to global warming by absorbing light from the atmosphere. It 
makes a significant contribution to global warming processes 
since it can influence local clouds and precipitation patterns 
(Abu Sada et al. 2015). As a result, its contribution to climate 
warming is on par with that of carbon dioxide (Bond et al., 
2013). Because of its diminutive size that is less than 2.5 
μm in diameter and ease of body penetration, BC has a 
detrimental effect on human health because it is the cause of 
numerous respiratory disorders (Janssen et al., 2012; Wang et 
al., 2017; Wang et al., 2021). In addition, these fine particles 
depend on the variability of weather parameters (Ali-Saleh 
et al., 2019, Al-Qinna 2018). In addition, due to its capacity 
to absorb nutrients crucial to plant growth, black carbon also 
has an impact on soil fertility (Glaser and Bruno, 2007). 

Black carbon has been the subject of several recent 
studies in Jordan (Hamasha and Arnott 2009; Hamasha et 
al. 2010). Over the past 20 years, black carbon in Jordan has 
been increasing continuously, according to a recent research 
utilizing satellite data (Hamasha 2021). The main sources 
of black carbon in Jordan include transportation, industrial 
activity, and residential combustion activities such as 
cooking and heating. These findings highlight the need for 
effective legislation and regulations that will reduce Jordan’s 
black carbon emissions while also improving the air quality 
and nation’s overall health. The aethalometer type AE33 
(Figure 1) was used in this investigation to assess the amount 
of black carbon and its sources (Fialho et al., 2005; Healy et 
al., 2017; Lack et al., 2013; Lu et al., 2015; Saleh et al., 2014) 
in the Ar-Ramatha region. 

In this study, measurements of BC were done in six 
different locations in Ar-Ramtha District. Ar-Ramtha 
District is located in the north of Jordan, near the Syrian-
Jordanian border, opposite the Syrian city of Dar’a (Figure 
2). It has an area of 485 km2. The climate of Ar-Ramtha 
District is relatively dry. Due to its location on the verge 
of a desert area, it has a climate more like to that of the 
desert or a continental region, with hot, dry summers and 
rainy winters. Around 150–200 millimeters of precipitation 
fall annually in the eastern region, compared to 250–350 
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Variations of black carbon concentration and its sources identification were studied in Ar-Ramtha District , north of 
Jordan, using the aetlalometer model AE33. Measurements at six sites showed that the black carbon concentrations almost 
have the same behavior due to the uniform nature of the region. The average value of the black carbon concentration in 
the six sites was 1778 ng/m3, 2288 ng/m3, 1605 ng/m3, 1785 ng/m3, 2267 ng/m3, and 2606 ng/m3 respectively. Analysis of 
the measurements and Angstrom exponents, pre-calibrated in the instrument, revealed the ability of these variations to 
apportion black carbon from its sources. The largest contribution of black carbon was from fossil fuels at all sites. The 
absorption coefficients for each wavelength were measured at all sites. For a wavelength of 370 nm, it was discovered that 
the absorption coefficient had a maximum value of 58. 27Mm-1 while it it was 20.25 Mm-1 at 880 nm. In all sites, the average 
absorption coefficients reached their highest value at a wavelength of 370 nm, demonstrating the inverse relationship between 
wavelength and absorption coefficient.
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 Figure 1. The Aethalometer AE33 in operation
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mm in the western and northern parts. The average daily 
temperature in summer is 25 degrees Celsius. Since 2011, 
Syrian refugees have a wide range of complex effects on 
Ar-Ramtha’s surroundings. Land use, trash management, 
energy use, and water resources have been all impacted. 
Ar-Ramtha’s expanding population has led to an increase 
in energy consumption. Due to increasing air pollution 
and greenhouse gas emissions, providing electricity to 
migrants via generators and other energy sources potentially 
harmful to the environment. The arrival of refugees in 
Ar-Ramtha has also led to a more demand in housing and 
infrastructure needs, which could endanger ecosystems and 
natural habitats. As a result, local ecosystem services and 
biodiversity may suffer.

The attenuation can be estimated using the signals. The 
detector reported using the formulas below:

                                                    (1)

where the detector signals for the measurement location 
are I and the reference spot’s detector signal is Io. The ratio, 
also known as the filter transmittance, reflects the amount 
of light that passes through the filter. In equation (1), the 
number 100 is included for convenience. The leakage factor 
() must be taken into consideration because the airflow is 
gauged after it goes through the filter. The optical chamber’s 
lateral airflow is 

                                                    (2)

where Fout is the flow leaving the system after the filter, 
and Fin is the flow entering the input port. Consequently, the 
attenuation coefficient can be determined using    

                                                    (3)

where Δt is the time interval and S is the spot area.

The optical absorption of the filter deposits is impacted 
because the filter material scatters some of the incident 
light. According to Drinovec et al. (2015), factor C, which is 
dependent on the filter material, describes the amplification 
of optical absorption. The updated absorption factor babs is,

                                                                   (4)

The letter C (Weingartner et al. 2003) represents the 
multiple scattering parameter. Employing the relation, BC 
concentration is determined from the absorption coefficient. 

                                                                   (5)

Where, σ is the mass absorption cross-section at 
wavelength λ. The values of σ at the seven wavelengths used 
in the AE33 observations are displayed in Table 1.

reference region at wavelengths of 370, 470, 520, 590, 660, 
880, and 950 nm. A detector on the other side gauges the 
amount of light that is transferred. Since the instrument is 
characterized by accumulated deposition of the sample on the 
filter, calculating the concentration of black carbon depends 
on the change in light attenuation every minute (Figure 3).

Measurements of BC were done using Aethalometer 
AE33. According to Virkkula et al. (2007), the equipment 
used in the measuring process attenuates light by depositing 
black carbon on the filter tape. The device supports 
DualSpot technology by simultaneously examining the light 
absorption by the deposits gathered at two parallel locations 
on the filter tape at varying loading rates (Drinovec et al., 
2015). The Aethalometer AE33 is a device that measures the 
light absorption on a filter that has particles in it to estimate 
the amount of black carbon in the air in the present moment. 
The AE33 can provide accurate results in as little as one-
minute using DualSpot technology and multi-wavelength 
optical analysis. The air sample is drawn through the 
instrument’s input using an external pump operating at 
5 liters per minute. The sample is put twice onto the filter 
tape once it has entered the optical chamber, each time at 
a different speed. The instrument analyzes the sample 
optically by comparing the quantity of light that passes 
through two places with the sample to the amount of light 
that goes through a loaded section of the filter tape in the 

 Figure 2. A map of Jordan showing the location of the district of 
Ar-Ramtha in northern Jordan.

 Figure 3. Schematic diagram of the optical analysis process of the 
sample on the filter.
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                                                                   (6)

where the compensating factor k is used. Seven 
wavelengths are tested simultaneously for optical absorption. 
The carbon black concentration is reported using data 
collected at an 880 nm wavelength. According to Sandradewi 
et al. (2008a, 2008b), the basis for source splitting of black 
carbon emissions is the wavelength dependence of the 
absorption coefficient. The optical absorption coefficient is 
the product of the absorption coefficient for burning biomass 
and the absorption coefficient for fossil fuels

                                                                   (7)

where,  is the optical absorption parameter of the 
biomass burning, and ( is the optical absorption parameter 
of the fossil fuels.

So,

                                                                   (8)

where,  is BC of biomass burning source, and  is BC of 
fossil fuels source. The equivalent black carbon produced 
by burning fossil fuels and biomass is thought to be well 
indicated by the absorption of near ultraviolet (UV) and 
infrared (IR) radiation, respectively.  An important factor 
in identifying the origins of black carbon emissions is 
the optical absorption coefficient, which results from the 
burning of both biomass and fossil fuels. The AE33 model 
posits that emissions from burning fossil fuels and biomass 
follow spectrum dependences of λ-1 and λ-2 respectively. It is 
based on the difference in absorption coefficient wavelength 
dependence. The exponents that characterize the spectrum 
dependency are known as Angstrom exponents, and they are 
αff = 1 for burning fossil fuels and αbb = 2 for burning biomass 
(Ran, L. et al. 2016).

Assessment of BCff and BCbb contributions to the overall 
measured babs (λ) (component apportionment) is possible 
using the AE33 model,

                                    (9)

                               (10)

In the source apportionment for AE33, the wavelength 
pairs 370 – 950 nm, 370-880 nm, 470-880 nm, and 470-950 
nm were taken into account.

 Biomass burning percentage BB (%) is:

                                                (11)

The proportions of biomass burning and fossil fuels are 
then computed as follows:

                                                       (12)

                                              (13)

3. Results and Discussion

The field study was conducted in six different sites in Ar-
Ramtha  District to measure the black carbon concentrations 
using an Aethalometer AE33. Figure 4 shows the study areas 
in Ar-Ramtha District. The study regions were chosen based 
on the availability of various sources that contribute to the 
concentration of black carbon from burning fossil fuels and 
biomass. The data used in this study are from six separate 
days of measurements. Each measurement was conducted 
during all daytime.

The study was conducted in the summer of 2021. The 
measurements were recorded by AE33 with a time resolution 
of one minute for a steady flow of aerosol samples (5 liters 
per minute). With the help of measured data from the 
instrument, this study examined the characteristics of the 
spatial and temporal patterns of black carbon to identify the 
origin of the BC concentration. The information utilized in 
this investigation is from measurements taken on six different 
days (Table 2). The six research sites in  Ar-Ramtha District 
were carefully chosen in order to cover the entire region from 
north to south and from east to west. The southern region was 
chosen as the first location of  Jordan University of Science 
and Technology (JUST), while the second site was selected 
in the north along the road going to Turrah . The third site 
was picked next to the Al-Shaqran station in the west and  
the fourth one was near Ar-Ramtha Government Hospital on 
the international route with Syria in the east. Additionally, 
an extremely crowded location was selected close to the 
Ar-Ramtha Health Center in the city center as the fifth site. 
The sixth location is near the Department of Licensing on 
the international route with Iraq in the district’s southwest. 
Due to the limited availability and expensive cost of our 
aethalometer (AE33), we were unable to run the experiment 
simultaneously in all locations, so we did it over the course 
of several days. Because the locations are so close to one 
another and the local characteristics are the only ones that 
vary, it is reasonable to predict that the findings will be close. 
The most significant local factor is the crowdedness of the 
vehicles, which raises the level of atmospheric black carbon. 
Due to road closures at the time of the Corona pandemic, 
the inside routes are more congested with vehicles than the 
external ones.

Table 1. Wavelength along with the cross-sectional area

λ (nm)  (m2/g)
370 18.47
470 14.54
520 13.14
590 11.58
660 10.35
880 7.77
950 7.19

 Figure 4. (a) The location of Ar-Ramtha District, north of Jordan, 
with respect to Irbid City and Syria boarder (b) the location of the 

study sites in Ar-Ramtha District

(b)(a)



Table 2. The study areas, date, area name, and properties.

Site # Date Area name Properties

1 28/06/2021 Ar-Ramtha Comprehensive Health 
Center

The site is subject to the constant movement of 
vehicles and a populated area.

2 29/06/2021 The campus of the Jordan University of 
Science and Technology The site is empty of students and has green cover

3 05/07/2021 Near the Northern Turrah Primary 
Health Center’s 

The site is subject to the constant movement of 
vehicles and a populated area.

4 07/07/2021 Near the Licensing Department The site is on a public street, and it is highly subject to 
the constant movement of vehicles.

5 28/07/2021 Near Ar-Ramtha Government Hospital
The site is subject to the constant movement of 
vehicles, frequently populated, and surrounded by 
some cafes.

6 02/08/2021 Near  the Al Shagran Gas Station The site is on a public street, and it is highly subject to 
the constant movement of vehicles.

At each study site, the measurement represented the 
variance in the concentration of black carbon from burning 
biomass and fossil fuels (Figures 5 –10). Figure 5 shows that 
BC concentration in the first site varied between 772 ng/
m3 and 5177 ng/m3. 92.94% of them were from fossil fuel 
sources. 

Figure 6 shows that BC concentration in the second site 
varied between 1002 ng/m3 and 8030 ng/m3. 89.65%of them 
were from fossil fuel sources.

Figure 8 shows that BC concentration in the fourth site 
varied between 765 ng/m3 and 9378 ng/m3.95.15% of them 
were from fossil fuel sources.

Figure 9 shows that BC concentration in the fifth site 
varied between 850 ng/m3 and 8526 ng/m3. 91.15% of them 
were from fossil fuel sources.

Figure 7 shows that BC concentration in the third site 
varied between 411ng/m3 and 14299 ng/m3.89.52% of them 
were from fossil fuel sources.

3.1. Variation of Black Carbon Concentration with Time 

 Figure 5. Variation of black carbon concentration from biomass 
burning and fossil fuel sources during the measurement in the first 

site on 28/06/2021

 Figure 7. Variation of black carbon concentration from biomass 
burning and fossil fuel sources during the measurement in the third 

site on 05/07/2021

 Figure 8. Variation of black carbon concentration from biomass 
burning and fossil fuel sources during the measurement in the 

fourth site on 07/07/2021

 Figure 6. Variation of black carbon concentration from biomass 
burning and fossil fuel sources during the measurement in the 

second site on 29/06/2021
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 Figure 10. Variation of black carbon concentration from biomass 
burning and fossil fuel sources during the measurement in the sixth 

site on 02/08/2021

 Figure 11. Average of black carbon concentration from biomass 
burning and fossil fuel sources during the measurement for all sites

Figure 10 shows that BC concentration in the sixth site 
varied between 989 ng/m3 and 16372 ng/m3. 85.23% of them 
were from fossil fuel sources.

The average concentrations of BC during the 
measurements for all sites varied between 1605 ng/m3 and 
2606 ng/m3. As seen in Figure 11, most the BC concentrations 
are from fossil fuel sources. This result is expected because 
the most sources of black carbon in Ar-Ramtha District were 
mobile transportation. The largest concentrations in BC were 
from site 6. It is very crowded with vehicles as it connects 
Ar-Ramtha area to Irbid via villages east of Irbid such as 
Sal and Bushra. The second largest concentration of black 
carbon was at site 2, the site of Jordan University of Science 
and Technology. Although, there were no students at the time 
of the measurements except for some staff who were on duty. 
Besides, it is very close to King Abdullah Hospital, which 
is very busy all the time. The result of BC concentration is 
very high and comparable to an urban area like Barranquilla, 
a Caribbean city in Colombia (Blanco-Donado et al. 2022).

The absorption coefficients of the black carbon 
concentration from seven wavelengths were calculated based 
on the variation in the mass absorption cross-section of each 
wavelength during the measurement at each site. Figure 
12 shows the time series of black carbon light absorption 
coefficients (babs) for the measurements at site 1 for the 
seven wavelengths (370nm, 470nm, 520nm, 590nm, 660nm, 
880nm, and 950nm). The average babs of all wavelengths was 
34.35 Mm-1, 28.19 Mm-1, 24.51 Mm-1, 20.97 Mm-1, 18.44 Mm-

1, 13.81 Mm-1, and 13.05 Mm-1 respectively.

3.2 Variation of Absorption Coefficients with Wavelengths 

 Figure 9. Variation of black carbon concentration from biomass 
burning and fossil fuel sources during the measurement in the fifth 

site on 28/07/2021
12.1

12.2

12.3

12.4
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Figure 13 shows the time series of black carbon light 
absorption coefficients (babs) for the measurements at 
site 2 for the seven wavelengths (370nm, 470nm, 520nm, 
590nm, 660nm, 880nm, and 950nm). The average babs of all 
wavelengths was 46.19 Mm-1, 37.58 Mm-1, 32.30 Mm-1, 27.52 
Mm-1, 24.06 Mm-1, 17.78 Mm-1, and 16.82 Mm-1 respectively.

 Figure 12. Variation in the absorption coefficients of black carbon 
during the measurement of the seven wavelengths in the first site 

on 28/06/2021
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 Figure 13. Variation in the absorption coefficients of black carbon 
during the measurement of the seven wavelengths in the second site 

on 29/06/2021

 Figure 14. Variation in the absorption coefficients of black carbon 
during the measurement of the seven wavelengths in the third site 

on 05/07/2021

Figure 14 shows the time series of black carbon light 
absorption coefficients (babs) for the measurements at 
site 3 for the seven wavelengths (370nm, 470nm, 520nm, 
590nm, 660nm, 880nm, and 950nm). The average babs of all 
wavelengths was  31.56 Mm-1, 25.77 Mm-1, 22.38 Mm-1, 19.28 
Mm-1, 16.94 Mm-1, 12.47 Mm-1, and 11.93 Mm-1 respectively.

Figure 15 shows the time series of black carbon light 
absorption coefficients (babs) for the measurements at 
site 4 for the seven wavelengths (370nm, 470nm, 520nm, 
590nm, 660nm, 880nm, and 950nm). The average babs for all 
wavelengths was 34.10 Mm-1, 28.28 Mm-1, 24.64 Mm-1, 21.39 
Mm-1, 18.85 Mm-1, 13.87 Mm-1, and 13.52 Mm-1 respectively.
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 Figure 15. Variation in the absorption coefficients of black carbon 
during the measurement of the seven wavelengths in the fourth site 

on 07/07/2021

We note that the average values of the absorption 
coefficients of the seven wavelengths at sites 1 and 4 are 
identical. This similarlity indicates uniform nature of 
the two sites in terms of the availability of black carbon 
sources. Figure 16 shows the time series of black carbon 
light absorption coefficients (babs) for the measurements at 
site 5 for the seven wavelengths (370nm, 470nm, 520nm, 
590nm, 660nm, 880nm, and 950nm). The average babs for all 
wavelengths was  44.29 Mm-1, 36.24 Mm-1, 31.37 Mm-1, 26.93 
Mm-1, 23.57 Mm-1, 17.61 Mm-1, and 16.60 Mm-1 respectively.
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 Figure 16. Variation in the absorption coefficients of black carbon 
during the measurement of the seven wavelengths in the fifth site 

on 28/07/2021

Figure 17 shows the time series of black carbon light 
absorption coefficients (babs) for the measurements at 
site 6 for the seven wavelengths (370nm, 470nm, 520nm, 
590nm, 660nm, 880nm, and 950nm). The average babs for all 
wavelengths was  58.27 Mm-1, 44.47 Mm-1, 37.83 Mm-1, 32.21 
Mm-1, 28.03 Mm-1, 20.25 Mm-1, and 19.66 Mm-1 respectively.
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 Figure 17. Variation in the absorption coefficients of black carbon 
during the measurement of the seven wavelengths in the sixth site 

on 02/08/2021

 Figure 18. Average absorption coefficients of black carbon versus 
wavelength during measurements at different sites

The average absorption coefficient values of the seven 
wavelengths were evaluated at six sites (Figure 18). It was 
found that the highest value was in site 6 because it is located 
on a public street, and it is subject to a greater degree of 
continuous movement of vehicles and population congestion 
than other sites. In addition, this site is considered the closest 
to the city of Irbid, which is considered one of the highest 
places in the concentration of black carbon in Jordan.  It was 
found that the average values of the absorption coefficients 
in the six sites decreased with the increase of the wavelength 
because the absorption efficiency is proportional to the inverse 
of the wavelength. In addition, the values of the absorption 
coefficient at a defined wavelength are proportional to the 
size of the particles. This absorption process increases the 
air temperature and affects the climate because it removes 
energy from electromagnetic radiation and converts it into 
thermal radiation.

Since the defining standard, used for reporting black 
carbon concentration, is at the wavelength of 880 nm, 
the average values of the absorption coefficients during 

the measurement campaign in Ar-Ramtha District were 
compared with a measurement in Irbid City, 20 km away 
from Ar-Ramtha. The average value of the absorption 
coefficient in Irbid City (Hamasha 2021) was (36.38Mm-1) 
greater than in Ar-Ramtha District (15.96 Mm-1). The reason 
is related to the combustion activities, population density, 
and overcrowded streets with buses and cars being more 
available in Irbid. In addition, it is related to the availability 
of cafes, shops, and restaurants that contribute to increasing 
the black carbon concentration. The measurement campaign 
in Ar-Ramtha was mostly in a less polluted, open, and less 
dense atmosphere population compared to the measurement 
campaign in Irbid.

Depending on the source, different BC concentrations 
have been discovered as having discernible effects on 
global warming. Even little increases in BC concentrations, 
according to reports, can have a big impact on the 
environment and people’s health. The recommended yearly 
average limit for PM2.5 (particulate matter with a diameter 
of less than 2.5 micrometers), as stated by the World Health 
Organization (WHO), is 10 g/m3. Since black carbon is 
part of PM2.5, lowering PM2.5 concentrations can also aid 
in lowering black carbon emissions. The United Nations 
Framework Convention on climate change has developed 
rules and procedures for calculating and disclosing black 
carbon emissions in terms of global limits and measurements. 
The Climate and Clean Air Coalition has also established 
goals for lowering black carbon emissions in a number of 
industries, including brick manufacturing, transportation, 
and home energy. Numerous national standards and laws 
also govern the measurement and management of black 
carbon emissions.

17.6

17.7

The absorption exponent gives insight into the source 
of black carbon formation (Andreae and Gelencser 2006, 
Bergstrom et al. 2007). The role of the Angstrom exponents 
was evaluated in determining the contribution to the 
concentration of black carbon from its different sources 
during the measurement at all sites. It was found that the 
value absorption exponent of the measurements for all 
sites fluctuates around the value 1, which indicates the role 
of fossil fuels as the main contributor to the black carbon 
concentration (Table 3). 

As can be seen in Table 3, the change of Angstrom 
exponent during the measurements in all sites fluctuates 
around 1 and is an indication of the major contribution of 
fossil fuels to the black carbon concentration.

3.3   The Role of the Angstrom Exponents (α) in Determining the 
Source of Black Carbon

Table 3. Daily average absorption Angstrom exponent 

Site # Average Angstrom exponent
1 1.097
2 1.141
3 1.138
4 1.051
5 1.119
6 1.196

Mallak et al. / JJEES (2024) 15 (2): 82-9391



4. Conclusion
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Abstract

1. Introduction

Geothermal energy is a source of clean energy that can 
provide reliable base-load power generation, or it can be used 
as a pathfinder for mineral resources in depth in countries 
and regions where this resource is available (Barbier, 
2002; Lund et al., 2003). The potential for the generation of 
geothermal energy is found in active seismic areas or with 
volcanic activity worldwide (Grunsky et al., 2009; Mwangi, 
2013). Even some of the geothermal resources are ubiquitous 
in populated areas and easily accessible; many others are 
found in the depths of the ocean, in mountainous regions, 
and under glaciers or cubicles (Bloomfield, 2003; Grunsky et 
al., 2009; Rybach, 2010).

In the crust, the temperature gradient is typically 30 °C 
per kilometer, but it can be as high as 150 °C per kilometer in 
a hot geothermal area. The geothermal resources have been 
developed in several steps, starting with the exploration of 
the surface, followed by exploratory drilling to discover 
and confirm the resource availability (Rowley, 1982). In 
some countries with many hot springs and surface thermal 
evidence, it might be a sign of geothermal resources 
(Openshaw, 1983; Zhu et al., 1989; Ghadimi et al. 2012; 
Seyedrahimi-Niaraq et al., 2019). 

The presence of hot springs, geysers, and fumaroles 
along with hydrothermal alterations are superficial signs 

of geothermal activity that may indicate the existence of 
economical geothermal resources in a region (Lund et al., 
2003; Grunsky et al., 2009). According to conducted studies 
in Iran, many geothermal promising regions in NW of Iran 
indicate the existence of economic geothermal resources. 
Using this surface evidence, geological information and 
geochemical analysis and interpretation can achieve a 
conceptual model of geothermal resources (Yousefi et al., 
2010; Najafi and Ghobadian, 2011; Ma et al., 2016). 

Geochemical prospecting plays an important role in 
the exploration of geothermal resources. In recent years, 
several researchers used machine learning in geochemical 
explorations (He, et al., 2022). Pan et al., (2023) carried 
out geological mapping via a convolutional neural network 
based on remote sensing and geochemical survey. Zhang et 
al., (2021) used integration of machine learning algorithms to 
estimate resources in gold deposits. They also used machine 
learning-based prediction of trace element concentrations 
in prospectivity mapping (Zhang et al., 2021a; Zhang et 
al., 2021b).Geochemical stream sediments can reflect 
various geochemical characteristics related to the probable 
subsurface ore bodies better than samples such as soil and 
groundwater (Anderson, 2006; Ranasinghe et al., 2009; 
Chandrajit et al., 2001; Gransky et al., 2009; Zuo et al., 2009). 
In geochemical prospecting, it is not always possible to solve 
a problem by studying only one element, and it is common 
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The aim of this paper is to identify the promising geochemical anomalies in the geothermal area of Mianeh in northwestern 
Iran. This was carried out using 840 stream sediment samples, which were analyzed by ICP‐MS for 42 elements for Multivariate 
Geochemical Analysis (MGA). Due to the high migration and mobility power of the Arsenic element, it was selected as the 
main geothermal pathfinder. Thus (As) element was determined as a labeled variable, and the other important elements and 
their relationships with (As) can be identified through MGA. Some of these related elements can then be proposed for future 
exploration. Firstly, for the implementation of MGA, a Probability Plot Modeling (PPM) on the (As) concentration values 
was carried out to separate background and anomaly subpopulations and extract threshold values for each subpopulation. 
Secondly, based on the PPM results for the (As) variable, the Discriminant Function Method (DFM), using their functions of 
code 0, 1, and 2, was implemented to distinguish different variables belonging to each of those subpopulations (background, 
mixture, and anomaly).  Also, Principal Component Analysis (PCA) and Clustering Analysis (CA) were carried out which 
lead to almost similar results to the DFM. Finally, the elements of Au, Mo, W, Cu, Be, K, and Rb were recognized as the most 
important elements related to the (As) element. Finally, ArcGIS mapping shows a geothermal region from the NW to NE of 
the study area for plans and detailed exploration.  
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identified as the starting geothermal pathfinder to carry out 
the Multivariate Geochemical Analysis (MGA).

2. Geological setting

for a set of variables to interact and associate. In this case, 
it is necessary to study several elements or even the study 
of contents associated with other variables representative 
of geological or environmental phenomena (Spadoni et al., 
2005; Ranasinghe et al., 2009; Moradpouri et al., 2023). 
On the other hand, the main problem in the analysis and 
interpretation of geochemical data (especially stream 
sediments) is the variety and large size of the data matrix. 
This problem can be solved using multivariate data analysis 
that can convert large volumes of the data into simple and 
visual geochemical information (Peh and Halamić 2010; 
Gransky et al., 2009; Zuo, 2011; Li et al., 2012; Moradpouri 
and Ghavami-Riabi, 2020; Tobore, et al., 2023). 

In this way, multivariate methods have been an important 
tool for many years for analyzing a large amount of data so that 
one can work with many variables simultaneously since it is 
the set of variables that models a geochemical landscape, not 
just one in isolation (Anderson, 2006; Chandrajit et al., 2001; 
Gransky et al., 2009; Al-Momani, et al., 2020; Moradpouri 
and Hayati, 2021). As the various variables interact to 
form the final observed picture, some of these interactions 
and associations sometimes appear clearly in multivariate 
studies. It is important to mention that the obtained results in 
the applications of multivariate variables must be compared 
with the geological information available in the study area 
for interpretation (Davis, 2002; Dillon and Goldstein, 1984; 
Moradpouri et al., 2017). For each result of a multivariate 
application, an association with a geological, metallogenetic, 
or geochemical process in the area should be sought. Thus, 
when representing such a result on a map, the behavior of a 
process that operated in the region can be seen, which can 
be of great value in understanding its evolution, especially 
in the case of representing mineralization, hydrothermal 
alteration, or others (Halfpenny and Mazzucchelli, 1999; 
Helvoort et al., 2005; Peh and Halamić, 2010; Grunsky et al., 
2014, Moradpouri and Ghavami-Riabi, 2020; Moradpouri 
and Hayati, 2021). 

Several researchers used the elements Hg and (As) as 
indicators for exploring geothermal resources (Matlick and 
Buseck, 1975; Openshaw, 1983; Shiikawa, 1983; Qian, 2009; 
Jimoh et al., 2023). The other elements of Sb, Bi, B, and some 
anions and cations are the key elements in the exploration 
of geothermal resources (Bingqiu et al., 1988; Zuo et al., 
2009; Qian, 2009). Risdianto et al. (2010) presented that 
the intersections of faults might create permeability in 
depth and influence the flow of geothermal fluids from 
reservoirs. Mwangi (2013) used conservative constituents 
for tracing the origin and flow of geothermal fluids, stable 
isotopes along with B and Cl as the most important elements. 
He also used rock-forming constituents of SiO2, Na, K, 
Ca, Mg, CO2, and H2 to predict subsurface temperatures 
and potential production problems such as deposition and 
corrosion (Mwangi, 2013).This paper aims to analyze the 
stream sediment data of the Mianeh geothermal region in 
NW of Iran for geothermal pathfinders and new insight into 
probable subsurface mineralization. The data included 840 
stream sediment samples, which were analyzed by ICP-MS 
methods for 42 geochemical elements. According to the hot 
spring in the region and field study, the element of (As) was 

The Iranian crust is divided into several main and sub-
zones based on magmatic, metamorphic, sedimentary, and 
tectonic occurrences. Mianeh region is located in the NW 
of Iran (Figure 1). This region has undergone many changes, 
so that the effects can be monitored from the Precambrian 
(Mianeh metamorphic unit) to the recent (Sabalan and 
Sahand volcanism). When looking at the geological map 
of the Mianeh in Figure 1, it is observed that Tertiary 
sediments, volcanic rocks, and intrusive masses cover 
most of it. Most outcrops of the Mianeh region are almost 
composed of volcanic and sedimentary rocks associated 
with the Cenozoic by which Eocene and Oligocene volcanic 
rocks cover the largest area in the region. These rocks often 
have a combination of rhyolite, ignimbrite, rhyodacite, and 
trachyte, and the results of the chemical analysis indicate 
the alkaline nature of this volcanism (Aghanabati, 2004). 
During the Eocene, the Mianeh region witnessed a lot of 
volcanic activity, which is often in the form of lava flows 
with andesitic, basaltic, and andesitic trachea with various 
combinations of tuff layers. The lowest part of the Eocene 
volcanic rocks is in the form of pyroclastic deposits, gray 
acidic tuffs, and acidic lavas followed by andesitic lavas and 
sandy tuffs (Aghanabati, 2004). A large volume of Eocene 
volcanic rocks in the form of mega-porphyry andesite is 
found in the Bozgoosh mountain range. The transition 
from Eocene to Oligocene volcanism is in the form of 
ignimbrite, rhyolite, trachyte, and shear tuff rocks that are 
located on Eocene-related units. Miocene lithology in the 
regions includes conglomerate, siltstone, sandstone, basalt, 
andesite, tuff, marl, hornblende, siltstone marls, sandstone 
conglomerates, shales, and pyroclastic rocks. Miocene 
deposits are exposed in the southern areas around Mianeh. 
In addition, Quaternary deposits include old terraces, new 
terraces, paved limestones, and salt plains that are exposed 
in the areas around Mianeh (Aghanabati, 2004). The location 
of the city’s border, samples location, Maman hot spring, 
streams, and river location can also be seen in Figure 1.

Moradpouri and Sabeti  / JJEES (2024) 15 (2): 94-10695

In the early period of geochemical exploration, arsenic 
(As) and antimony (Sb) were commonly used as so-called 
pathfinder elements for Au (Boyle, 1979). The name is given 
because of the common association of gold mineral isation 
with rocks enriched in arsenopyrite (FeAsS) and/or stibnite 
(Sb2S3), and because As and Sb were easier to determine 
analytically due to their higher abundances (Steenfelt, 1996).

Several researchers suggested the use of the identified 
elements expressly using the strongly correlated elements 
such as As and Zn to detect hidden anomalies in the complex 
environment (Dzigbodi-Adjimah, 1993; Kesse, 1985; Arhin 
et al., 2015). 

Yaisamut et al., (2023), presented the interpretation of 
intricate spatial dispersion patterns and concentration levels 
of deposit pathfinder elements, specifically arsenic (As), 
copper (Cu), and zinc (Zn), using a comprehensive array of 
stream sediment geochemistry data.

1.1. Arsenic (As) as Pathfinder



Rivers, streams, and hot springs: The main rivers in 
the study area are shown in Figure 2a.  Qezel Owzan is one 
of the longest rivers in Iran. On its track, Zanjanrood and 
Abharrood Rivers join it, and before the city of Mianeh, the 
Qaranqo, Shahrchai, and Aidoqmosh Rivers, which flow 
from west to east join it, and it finally flows into the Caspian 
Sea (Figure 2a). In addition to the mentioned rivers and due 
to the topography, the study area includes many streams that 
are shown in Figure 2b. 

The other important phenomena in Eastern Azarbaijan 
province are hot springs. Some of which are located around 
Mianeh city. The hot springs of Maman, Sabz, Ivorq, and 
Gudarq are among the most prominent ones. Sulfur, arsenic, 
salt, copper, and iron ions are among the most important 
combinations in these hot waters. Maman hot springs, at a 
distance of 100 meters from each other, are located in the 
region of   Maman village in the central part of Miyaneh 
city and the northeast of the study area (Figure 2b). These 
springs also have therapeutic characteristics of the sulfur 
type. The water of Maman hot spring is naturally yellow 
which indicates the presence of sulfur, which can also be 
seen in the color of the rocks inside and around the hot 
springs. In addition, many other hot and cold springs in the 

surrounding regions can be used in geochemical studies to 
find trace elements. Furthermore, Figure 2b shows a satellite 
image of the study area including the location map of the 
stream sediment samples, Maman hot spring, river, and 
stream sediments which help to interpret the results of the 
geochemical multivariate analysis.

Figure 1. Geological setting and location map of the study area, stream sediment samples, hot springs, rivers, and streams 

 Figure 2. Location map: (a) rivers (b) streams and stream sediment 
samples
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3. Material and Methods

With the above variety of information (topography, 
geology, rivers, hot springs), the geochemical analysis and 
interpretation of stream sediments for probable subsurface 
mineralization could be a multifaceted work, but the results 
considerably help us determine the promising areas for future 
plans and detailed exploration. Therefore, the geochemical 
sampling of 840 stream sediment samples employed the use 
of a mattock or shovel to reach appropriate samples from 
the available river and streams in the study area. Due to the 
location and nature of the streams, sampling spacing was 
different. All  samples  were  analyzed  for  major and trace 
elements cocentrations  by  inductively coupled plasma mass 
spectrometry (ICP‐MS) for 42 elments, following a 95°C 
Aqua Regia digestion.  Analytical uncertainties vary from 
0.03% to 0.1% for major elements and from 0.1% to 0.55% 
for trace elements.

A large number of techniques are available that address 
problems in space with multidimensional approaches to 
one, two, or more than two populations. Multivariate data 
are almost all based on the matrix of element concentration. 
Among the most used methods in geochemistry, principal 

An important issue in the interpretation of various 
geochemical data with the prospecting perspective is the 
determination of threshold values that separate the ranges of 
values defined as representing background and anomalous 
values. Thus, the probability plot modeling on (As) element 
as the most important element related to geothermal activities 
was carried out to de-convolute the subpopulations, which 
separate the background from the anomalous values. The 

results of (As) probability diagram modeling are shown in 
Figure 4.  The horizontal axis is the cumulative percent and 
the vertical axis is the logarithm of concentration values for 
specific groups of data as open circles (Figure 4a). It should 
be added that the least-squares method was used to fit the 
best model to the data. The continuous curve that passes 
through the groups of data (open circles) is the fitting model 
that presents the recombination of the sub-populations 
represented by the sloping straight lines. It is obvious that 

component analysis, clustering analysis, factor analysis, and 
discriminant analysis can be mentioned.

First, the univariate statistical analysis of the dataset, 
including maximum, minimum, mean, and standard 
deviation was carried out for a primary consideration of 
abnormal variations so that some of the variables show 
meaningful values (Table 1).  Among those elements and 
based on the reasons that were mentioned, the arsenic (As) 
element was identified as the geothermal pathfinder in 
the study area to carry out the Multivariate Geochemical 
Analysis (MGA) that clarifies which of these elements have 
more relationships with the As as a pathfinder and which 
could be a sign of subsurface mineralization. The mean value 
of (As) in the study area is 20.07 (ppm), and its maximum 
value is 174.1 (ppm) which may be a meaningful sign of 
subsurface geothermal activities. In addition, the analysis of 
histograms, Q-Q and P-P plots, was carried out for the (As) 
data which indicates a reasonable continuity and lognormal 
nature in the dataset (Figure 3). Therefore, it was considered 
for existing sub-populations, thresholds, and background 
and anomaly separation using PPM.

3.1. Multivariate Geochemical Analysis (MGA)

Probability Plot Modeling (PPM):

Basic statistics:

Table 1. Basic statistics of the stream sediments dataset in the study area (N = 840)

Variable Min. Max. Mean Std. deviation Variable Min. Max. Mean Std. deviation

As 1.460 174.1 20.069 12.942 Mo 0.010 15.61 1.490 1.338

Au 1.000 88 2.338 4.18 Na 1376 73830 13422.8 6550.1

Ag 0.000 2 0.367 0.164 Nb 4.87 69.67 16.435 5.709

Al 23210 103300 64196.7 13703.5 Ni 2.68 74.27 28.366 11.3

Ba 129.6 2516 675.068 208.582 P 20.14 4321 993.05 758.576

Be 0.64 5.82 1.700 0.594 Pb 9.61 172.3 32.307 13.915

Bi 0.01 12.87 1.501 1.255 Rb 12.49 266.9 69.074 30.482

Ca 11240 283200 78684.4 27033.9 S 10 246100 12055.0 27337.8

Cd 0.1 6.48 0.341 0.268 Sb 0.14 342 2.451 11.79

Ce 10.94 111 51.739 12.436 Sc 4.23 25.450 11.781 3.25

Co 4.53 57.83 15.712 5.636 Sn 1.8 7.6 3.204 0.676

Cr 3.61 227.4 63.184 26.408 Sr 117.8 6124 629.82 584.64

Cs 1.0 27.55 5.889 2.535 Te 0.08 1.0 0.156 0.086

Cu 9.090 203.5 34.70 20.98 Th 3.84 83 14.892 5.887

Fe 17480 335750 53608.2 20787.5 Ti 1363 35455 5409.1 2383.8

Hg 0.05 0.6 0.089 0.026 Tl 0.4 2.35 0.918 0.235

K 3434 50800 19424.5 6558.1 U 0.94 17.23 4.437 1.554

La 7.51 75 27.344 7.637 V 41.96 1147 152.98 84.706

Li 11.33 185.8 28.842 12.291 W 0.27 54.3 1.754 2.227

Mg 96.41 32810 9951.3 4237.1 Zn 24.64 334.1 75.95 29.441

Mn 246.7 4431 903.246 283.6 Zr 75.7 911.2 315.02 121.75
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 Figure 3. (a) Histogram of the raw (As) data, (b) P-P plot, (c) Q-Q 
plot. 

 Figure 4. The results of the probability plot modeling. (a) Probability 
plot of the logarithmic (As) values; (b) First three subpopulation 
estimates. (c) Results for the revision of the first estimate by three 
optimization steps to minimize the deviation between data (circles) 

and model (the fitted curve).

three sub-populations can be recognized in the data (Figure 
4b). The final step is the improvement of the previous fitting 
model, which is shown in Figure 4c with the final threshold 
values. The result of the probability plot modeling, including 
the details for each subpopulation and the threshold values, 
is presented in Table 2.

According to the results of probability diagram modeling 
(in Figure 4 and Table 2), samples with (As) concentration less 
than 9.21 ppm were identified as background subpopulation, 
The concentrations values between 9.21 to 42.78 ppm were 
identified as mixtures of background and anomaly. Finally, 
samples with concentrations above 42.78 ppm were defined 
as the anomaly subpopulation. Therefore, the location 
map of (As) distribution for these three subpopulations is 
shown in Figure 5. As can be seen, most of the representing 
anomalous samples are located in the north part of the study 
area especially along with Qaranqo River and in Maman 
hot spring. This was somehow expected and showed a 
promising sign, but it needs to be interpreted considering the 

Variable=As Unit=ppm N=840 Population Thresholds

Population Mean Percentage 1 2.94-9.21

1 5.20 5.0 2 7.42-42.78

2 17.81 93.0 3 37.37-134.9

3 70.99 2.0
Transform=Logarithmic Populations=3 

Missing observation=0

Table 2. Mean, percentage, and threshold values after deconvolution 
for the three recognized (As) subpopulations
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 Figure 5. Arsenic (As) content distribution based on the probability 
plot modeling threshold values

whole geological and geochemical evidence after the proper 
analysis in the later sections. Thus, first a multivariate 
discriminant analysis was carried out to determine the most 
related elements to the (As) content using the PPM threshold 
results of Table 2. In addition, the multivariate geochemical 
analysis of PCA and clustering analysis were carried out for 
comparison.

follows.
                                                    (1)

where is the coefficients matrix,  and  are 
estimated mean vectors of two populations, is the reversed 
covariance matrix of two populations.

Now, the discriminant function is calculated using the 
following equation.

                                                   (2)

where  is the vector of the newly observed sample, 
there is a function that defines the separation boundary 
of two populations called the critical function as in the 
following equation.

                                                 (3)

This function is a vector, which starts from the end 
of  and finally reaches to the separation boundary of 
two populations. If then  the sample is assigned to 
population 1 and if then  samples are assigned to 
population 2.

Arsenic mentioned above, (As) element was chosen as the 
dependent variable versus the other independent variables 
(elements). Thus, the linear discriminant functions of Code 
0, Code 1, and Code 2, were defined based on the probability 
plot modeling of the (As) variable in Table 2. The analysis 
was implemented using the dataset of 42 variables related 
to the 840 stream sediment samples. Based on the threshold 
values, the (As) values of the background population with a 
concentration of less than 9.21 ppm were defined as Code 0, 
the values between 9.21 and 42.78 ppm were defined as Code 
1 (a mixture of the background and anomaly), and finally, the 
values above 42.78 ppm were defined as Code 2 (anomaly). 
This forms the basis of the linear function that was used for 
the DFM, which evaluates the relationship between variables 
through the three defined codes and the two discriminant 
functions.

Based on the DFM, two functions can be defined 
which are shown in Table 3 with its parameters. Function 
1 describes 90.3% of the variability with a correlation of 
84% with the data. In addition, function 2 describes 9.7% 
of the variability with a 45% correlation. Contrary to 
the correlation coefficient, the lower the Wilks’ Lambda 
coefficient, the better the discriminant function. The larger 
the Chi-square coefficient, the better the function could 
justify the variability. 

Discriminant Function Method (DFM): DFM is one 
multivariate statistical data analysis that is used for the 
evaluation of the dependence of one sample on one of two 
(or more) known populations. The discriminant function 
is defined based on known features of those populations. 
In order to define the discriminant function, a linear 
combination of all variables is used to create a normally 
distributed univariate variable. This function is calculated in 
the direction of the highest discrimination of the populations 
(Peh and Halamić, 2010).

The coefficients of this linear combination is defined as 

In the next step, the samples were classified according 
to two discriminant functions. In Figure 6, each classified 
sample was coded and a different color was assigned for 
visualization purposes. This figure shows that considerable 
discrimination has occurred between the data related to sub-

populations. Then, the variables were discriminated based 
on the two defined functions between the three disputed 
sub-populations that are shown in Figure 7, which shows 
one reality that describes separation boundary based on (As) 
variable coded values and their functions. In addition, the 

Table 3. Calculated discriminant functions and validation parameters

Function Eigenvalue Variance 
percentage

Cumulative 
percentage Correlation Wilks’ 

Lambda Chi-square df Sig.

1 2.349 90.3 90.3 0.84 0.239 1169.663 84 0.000

2 0.251 9.7 100.0 0.45 0.799 182.887 41 0.000
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other variables’ locations in Figure 7, are outputs of the DFM. 
As can be seen in Figure 7, As, Au, Mo, W, Th, K, Rb, Be, 
Ce, Fe, and Nb were located in the anomalous part as tracing 
elements for (As) element and probable mineralization 
(Code 2). Cs, Co, Ce, Hg, P, Ni, Li, and Zr were located in 
the mixture part (Code 1), and the rest were located in the 
background part (Code 0).

To evaluate the results of DFM, based on p-p modeling 
and according to the discriminate functions, 93.2%, 86.6%, 
and 81% of the samples were correctly classified as code 0, 
Code 1, and Code 2 respectively when three different groups 
memberships were used (Table 4). In addition, as can be seen 
in Table 3, this method could validate that 92% of code 0, 
83.5% of code 1, and 71.4% of code 2 were classified properly.

PCA is a way of identifying patterns in data and 
expressing them in a way that highlights their similarities 
and differences, with the advantage that once these patterns 
are identified, we can reduce the number of dimensions 
without much loss of information. We choose components 
and form a vector feature, and the eigenvector with the 
highest corresponding eigenvalue is the principal component 
of the dataset. Minor components can be ignored, with some 
loss of information, but if the eigenvalues are small, the loss 
is not very significant. 

In Geology, PCA can represent active geological 
processes, present lithological changes or events causing 
mineralization. The dimensionality of the problem is also 
reduced. In addition, it allows the identification of the 
variables that have very high or low contributions to the 
variability of the study area. An identification that allows 
suggesting the elimination of these variables in future 
stages of study. In addition, a very common objective in 
geochemical programs is the classification of observations 
that make up a given sample (rocks, stream sediments, soils, 
or water). This classification is often based on the measured 
concentration. It is very useful in cases where large amounts 
of observations are available and in cases where there is 
little prior knowledge of the meaning of the genesis of the 
constituents. 

In the current research, PCA was processed with the 
raw data of 840 stream sediment samples for 42 variables 
to explore the elemental associations. There are several 
techniques for decision-making on the retention of main 
components, the most accepted and recommended being the 
one that proposes the retention of main components whose 
total variability percentages are considered significant, 
that is, they explain an important proportion of the total 
variations present. In the original data set. It is evident 
that, at this point, the participation of the technician who 
applies PCA is decisive; the non-use of components from a 
certain level (from the fourth main component, or the fifth, 
for example) does not, however, cause any problems on 
the ones used, nor does it affect their interpretation under 
any circumstances. It can only leave processes represented 
by the unused components, which have no influence, as 
stated above, on the interpreted components (and their 
associated processes). Table 5 presents the variability of 
each component and its respective eigenvalue for the first 
component among the whole component. Actually, the first 
two components explain 45.63% of the variability of the data, 
while the first seven components explain 66.9%. As can be 
seen, in Figure 8, after the fifth component, one can see a 
mild trend in variability, which means that we can ignore 
the components with the low contribution in introducing the 
variability in the data.

 Figure 6. Classified samples based on discriminant function 1 and 2

 Figure 7. Standardized canonical discriminant function coefficient 
based on the three discriminant functions.

Code
Predicted Group 

Membership Total
0 1 2

Original

Count

0 314 23 0 337

1 61 399 1 461

2 0 8 34 42

%

0 93.2 6.8 .0 100.0

1 13.2 86.6 .2 100.0

2 .0 19.0 81.0 100.0

Cross-
validated

Count

0 310 27 0 337

1 71 385 5 461

2 0 12 30 42

%

0 92.0 8.0 .0 100.0

1 15.4 83.5 1.1 100.0

2 .0 28.6 71.4 100.0

Table 4. Classification and validation of the DFM results.

Principal Component Analysis (PCA):
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Figure 9a-c shows the correlation between the first 
three components with the coordinates of the variables. 
The coordinates are based on correlations and are plotted 
according to components F1, F2, and F3. As can be seen in 
Figure 9a, the first group from the loadings of F1 consists of 
Na, Ni, Tl, Mn, Ba, Nb, Li, Th, Zn, Sn, Cr, Co, Fe, Cs, Ti, 
V, Hg, Bi, and Tl, and the second group from the loadings 
of F2 consists of K, Be, Rb, Au, As, Mo, Sb, P, Cu, W, Ag, 
Zr, Al, Ce, La, Cd, Pb, and Sc. In addition, in each group, 
one can interpret the relationship and correlation between 
elements. For example, the most related elements to (As) 
as the main pathfinder element in Mianeh geothermal area 
in F1/F2 map are Au, Sb, Mo, Cu, W, K, Rb, Be, Zr, and 
P. It is both because of the low angle between their straight 
lines and rather due to their close distance of (As), Au, Mo, 
and Sb from the center, we need to obsessively interpret this 
association and we should look at the relationship between 
these variables on the other pair of components map.  On 
the other hand, the correlation between the ratio of elements 
shows that for example for the elements (As), Au, and Cu, 
there is no correlation between the As/Au ratio with As/Cu, 
but the short length of the line that connects both Au and Cu 
to (As) shows the lower variance between each pair of these 
elements. As an example of a high correlation between two 
pairs of ratios, the high correlation for the ratio of As/Au to 
As/Sb can be mentioned. Figure 10a-c shows the coordinates 
of the samples according to components F1, F2, and F3. 
Figures 9 and 10 determine the importance degree of each 
factor based on the location of the different variables and 
samples’ location. 

 Figure 8. Contribution of variables to the main components

Table 5. Main components and their respective eigenvalue and variability

F1 F2 F3 F4 F5 F6 F7

Eigenvalue 13.502 5.664 2.734 1.916 1.544 1.417 1.321

Variability (%) 32.147 13.486 6.510 4.562 3.676 3.374 3.146

Cumulative % 32.147 45.633 52.143 56.705 60.381 63.756 66.901

 Figure 9. Coordinates of the variables when the axes represent 
the variable loading values in F1 (principal component 1), and F2 
(principal component 2) and F3 (principal component 3). (a) in the 
F1 and F2 domain, (b) in the F1 and F3 domain, (c) in the F2 and 

F3 domain.
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 Figure 10. Sample coordinates in PCA. (a) F1 and F2, (b) F1 and 
F3, (c) F2 and F3.

Clustering Analysis (CA): The application of the CA 
is very useful as an exploratory tool for data, that is, it 
can indicate associations /groups that are not previously 
suspected, and it can often simply reflect some obvious 
lithological associations.  It aims to classify objects (in the 
case of geochemistry, field samples, or analyzed variables) 
for similarities and/or dissimilarities, and the groups 
generated must have high internal homogeneity and high 
external heterogeneity. Cluster analysis is applied to objects 
(Q technique), whose variables can be also examined for 
similarities and groupings (R technique). The different 
methods for cluster analysis can be framed into four general 
types: partition methods, methods with arbitrary origin, 
methods by mutual similarity, and methods by hierarchical 
groupings. 

The method used in this work was hierarchical groupings 
(the most used in geochemistry) in R mode. The grouping 
was processed using the method of Ward ś agglomeration 
(minimum variance), grouped by correlation coefficient. 
The same raw data used for DFM and PCA was also 
applied for the CA. In order to evaluate similarities between 
elements, cluster dendrograms, showing hierarchical 
variable clustering, are presented in Figure 11. It shows 
the lines linked according to levels of similarity that group 
pairs of the variables. The higher the correlation, the shorter 
the connection distance between variables. From right to 
left, the first cluster of orange color is largely made up of 
elements associated with the (As) element as the geothermal 
pathfinder. This cluster includes the elements Au, As, Mo, 
W, Be, K, Rb, Zr, Ce, La, Ag, Al, Sc, Cu, and P, so that some 
of them have a closer connection distance, and some are far 
away. However, the results are rather similar to the DFM and 
PCA results, and one can classify a pack of those elements 
as the geothermal pathfinders of the occurred mineralization 
based on the geological setting.

GIS mapping: As discussed in the previous sections, the 
results obtained from DFM, PCA, and CA indicated that a 
number of elements were identified as related to the arsenic 
geothermal pathfinder (e.g. Au, Mo, W, Sb, K, Rb, P, Cs, 
Be, La, Cu, Zr, Ag, and Al). Among these associations, the 
elements (variables) of Au, Mo, W, Cu, Be, K, and Rb were 
recognized as the most important related elements to (As) 
based on the multivariate geochemical analysis (MGA). 
Some of them can be interpreted as elements related to 
mineralization (e.g. Au, Mo, Cu). As, Au, Mo, and Cu 
reinforce the probability of porphyry deposit. It should be 

 Figure 11. The dendrogram in R mode shows the hierarchical 
variable clustering by correlation.
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added that (As) has a direct relationship with gold deposits. 
Among the important geothermal pathfinders such as Sb, 
Hg, and Bi, only the Sb element showed the relationships 
with (As) element only in PCA which cannot be seen in 
DFM or CA. Sb is an element of the nitrogen family (N, 
As, Sb, P, Bi) and has rather similar chemical properties to 
Arsenic (As). On the other hand, the elements of K, Rb, and 
Be are present in alkali feldspar minerals of the volcanic 
rocks. Distribution maps of the above-related elements were 
prepared in ArcGIS10.5 software using the kriging method 
and are shown in Figure 12. In this Figure, the anomalous 
area of the arsenic geothermal pathfinder and the main 
related elements of mineralization can be seen. These areas 
are proposed as promising regions for the later exploration 
steps.
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 Figure 12. Anomalous area of the geothermal pathfinders and the 
probable variables of mineralization. (a) As, (b) Au, (c) Mo, (d) Cu, 

(e) W, (f) K, (g) Rb, (h) Be

The results of the present study can be divided into 
several parts. (a) Due to the selection of arsenic element (As) 
as a suitable geothermal pathfinder in the study area, the 
MGA proved that none of the other geothermal pathfinders 
such as Sb, Hg, and Bi showed a significant relationship 
with (As) pathfinder. Thus, arsenic plays a key role in the 
prospecting of geothermal resources in the study area 
using stream sediments. (b) What can be deduced from 
the integrated map of the promising areas, geological and 
MGA indicates that there is an active geothermal region in 
the northwest of the study area that includes the rivers of 
Shahrchai, Qaranqu, and Aidoqmosh that originate from 
volcanic areas of the Sabalan and Sahand mountains and 
continue to Maman hot spring in the Northeast. These paths 
often consist of volcanic rocks. (c) Different MGA methods 
of the present stream sediment data revealed several multi-
element associations describing the existence of subsurface 
probable mineralization in the NW to NE of the study area 
for plans. Among these associations, the elements of Au, Mo, 
W, Cu, Be, K, and Rb were recognized as the most important 
related elements to the (As) variable. The elements of Au, 
Mo, and Cu can be interpreted as the elements related to 
the mineralization, which may indicate the probability of a 
porphyry deposit. The elements of K, Rb, and Be are present 
in alkali feldspar minerals of the volcanic rocks.

4. Conclusion
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Abstract

1. Introduction

The mineralogical part of the soil consists of particles of 
different sizes and proportions according to the factors and 
conditions of soil formation. Because the formation of the 
grains takes place through the natural fracture and chemical 
decomposition of large grains as a result of the formation 
process for the raw materials, it is expected that we will find 
a difference in the mineralogical and chemical composition 
of these grains as a result of the difference in their sizes. This 
will reflect the chemical and physical characteristics of the 
original substance from which it was formed.

General geological surveys and other investigations of 
these areas and surrounding lands have been studied by 
many authors (Al-Shakeri et al., 2017; Al-Janabi et al., 1988; 
Buday and Jassim, 1987; Shaker, 1986). Most of these studies 
focused on geological overviews of the study areas, and/or 
provided descriptions of its provenance, sedimentology, and 
mineralogy.

Soil consists of three main grain sizes which are sand, 
silt, and clay. This study focused on the separated sandy part 
of the studied soil samples, which consists of grains ranging 
in diameter from 1-0.05 mm. Sand fractions were chosen 
because their particle properties can be reorganized obviously 
under polarized microscope more than clay fractions, 
including shape, size, cleavage, twinning, and color. Sand 
grains are small pieces of rock (rock fragments) or minerals, 
which reflect the origin of the parent rock from which these 
minerals are formed. Sand grains are small pieces of rock 
(rock fragments) or minerals, which reflect the origin of the 
parent rock from which these minerals are formed. It is found 

Keywords: Heavy minerals, Light minerals;,Weathering index, Polarized light microscope, Suq Al-Shuyoukh City.
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Suq Al-Shuyoukh is one of the Iraqi alluvial plain areas. Five farms were selected and a total of three samples were taken 
from each farm at depths of 50, 100, and 150 cm. All samples were subjected to a polarized light microscope to determine 
the mineral type in fine sand grains and determine the origin and the mechanism of their formation. The results showed 
two main mineral categories in the fine sand, light, and heavy minerals. The light minerals were Calcite, Quartz, Chert, 
Gypsum, Anhydrite, and Feldspar, in addition to rock pieces and some fossils. Calcite was dominant. The heavy minerals 
included the dark minerals (Opaque), Chlorite, Amphibole, Pyroxene,Apidot, Zircon, Muscovite, Garnet, Biotite, Rutile, 
Tourmaline, in addition to pieces of rocks or fossils, and the dominant mineral was Opaque. Weathering index values for 
heavy and light minerals ranged between (0.2 - 0.5%) and (4.5 - 9.6%), respectively. The weathering unit index values for light 
minerals showed an increase in the surface weathering decreased with depth, which indicates the climatic influences mainly. 
According to the heavy minerals’types and concentration, the proposed source for these minerals is the Arabian Shield due 
to the volcanic provenance of the parent rocks.
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naturally in different places in the Earth’s crust (Dahnoun 
and Djadouni, 2020). Therefore, from a mineralogical point 
of view, sand contains primary minerals such as silica, 
feldspar, and mica , in addition to secondary compounds 
and minerals that result from chemical weathering processes 
such as free oxides, especially iron and aluminum oxides. 
The common minerals in the mineral composition of sand 
are quartz, feldspar, mica, amphiboles, pyroxene, and other 
(non-silicate) minerals (Awwad, 1986).

It is also possible to rely on some minerals that 
are resistant to weathering to study the process of soil 
development. These minerals are called index minerals. 
Quartz, zircon, tourmaline, and rutile, which can be found 
in the clay part of the soil, are the most important of these 
minerals. The identifying factors of soil components 
mainly depend on the study of the mineral composition of 
these soils, which are greatly affected by the processes of 
weathering and geological erosion, as well as their use as 
an indicator of soil formation and development through 
studying the environmental reality of the current and past 
period (Al-Jubouri, 2014). The separated fine sand has 
occupied the main importance in this research. It deals with 
the fine grains of the soil that are enough to determine its 
optical characteristics. 

The aims of this study are

1. studying and determining the physical and optical 
properties of light and heavy minerals, and 

2. determining the probable provenance of the rocks.
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2. Materials and Methods

3. Results and Discussion

The study area is located in Suq Al-Shuyukh District, 
30 km southeast of Nasiriyah City, southern Iraq within 
Iraqi Mesopotamia (Figure 1).The lands are agricultural and 
mostly covered by sedimentary plains. These lands are part 
of the flood plain unit branching from the Great Plain unit of 
the Iraqi sedimentary plain, which is characterized by its low 
and flat nature. There are no large slopes and their elevations 
range from (12-16 m) above sea level (Rahel, 2008).

Five sites were selected within the studied area, depending 
on agricultural practices and the nature of irrigation. Sites (1) 
and (3) represent soil that have been exploited for 10 years, 
irrigated from the Euphrates River, while sites (2), (4), and 
(5) have not been exploited for a period of 15 years for the 
purpose of comparison.

The results of the process of separating light and heavy 
minerals from sand particles in the depths of the soils in the 
study areas showed that light minerals with a specific weight 
of less than 2.89 form the bulk of the sand particles. These 
minerals included Quartz, Feldspar, Calcite, Chert, Gypsum, 
Anhydrite, and rock fragments.

Table 2 shows the percentages of light minerals of the 
separated sand. Calcite was the dominant mineral in all study 
sites with a percentage ranging between 42.0 and 45.7%. 
The results also showed that the vertical distribution of this 
mineral within the soil depths was not consistent, due to the 
differences in the geological processes, such as weathering 
and erosion, as well as the pedogenic processes with 
increasing depth. The dominance of calcite mineral in the 
study soil is due to the presence of carbonate-rich formations, 
such as Dammam, Euphrates, and Nfayil formations, which 
spread widely in the study area representing the sedimentary 
rocks (limestone). These sedimentary rocks were subjected 

a diameter of 2,000 microns (2 mm), to remove plant residues 
and unwanted materials. The samples were crushed well—
without grinding—by a ceramic mortar in order to preserve 
the morphological shape of the mineral grains. It was treated 
with acid, distilled water, and peroxide to remove salts, 
organic matter, and adhesive materials.

For the purpose of studying the mineral composition 
through polarizing electron microscopy of fine sand grains 
separated by sieves, 15 grams were taken from each sample 
after good mixing (Awwad et al., 2009). Sand, clay, and silt 
were separated by the dry sifting method through a sieve 
with a diameter of 62 microns. The fine sand, remaining 
on the surface of the sieve, was separated and dried by air. 
Then, they were repeatedly exposed to a current of water 
for ensuring separating the mineral grains and removing 
the remaining mud or suspended materials on the surface of 
the grains, according to the method described by Jackson, 
(1975).

The remaining sand particles were taken from the 
previous separation process. The sand particles were divided 
according to their density into two parts using Bromoform 
(CHBr3) liquid with a specific weight of 2.80 g. cm-3 to 
separate them into the respective cones. Then, the two parts 
were dried and placed on glass slides using Arabic glue 
(Canada balsam) as a preparation medium. After that, the 
dried parts are covered with thin glass slides. The prepared 
slides were examined by polarized optical microscope BS-
5095TRF model. Based on what was mentioned by Carver 
(1971), the optical properties of each metal were observed, 
which were later used in the diagnostic process.

The percentage of the presence of each metal was 
calculated using the counting method for about 300-350 
grains in each slide along straight and parallel lines covering 
the whole sample. Minerals were diagnosed by the physical 
properties by polarizing microscope according to Milner 
(1962) represented by color, form, cleavage, relief and 
extinction.

Each site included drill holes by an auger with a depth of 
150 cm. Soil samples were obtained for each 50 cm depth for 
the purpose of conducting mineral analyses. Table 1 shows 
the coordinates of the five sites with their depths.

After the samples were collected from the field, they 
were dried in the laboratory. It is passed through a sieve with 

2.1. Study area

3.1. Light minerals  

2.2. Soil Sampling

2.3. Sample Preparation 

CoordinatesColor/ 
Dry

Depth / 
cm

Sample 
No. LongitudeLatitude

46˚25.568 E30˚55.519 N

10YR6/150L1-1

10YR7/2100L1-2

10YR4/2150L1-3

46˚26.333 E30 ˚55.133 N

10YR6/150L2-1

10YR7/3100L2-2

10YR5/3150L2-3

46˚25.931 E30˚56.138 N
10YR5/350L3-1

10YR5/3100L3-2

10YR6/3150L3-3

46˚23.792 E30˚55.437 N

10YR5/150L4-1

5YR5/3100L4-2

10YR6/3150L4-3

46˚23.887 E30˚57.447 N

10YR5/350L5-1

10YR6/3100L5-2

10YR7/4150L5-3

Figure 1. Google maps show the study area, modified from 
Google Earth

Table 1. The locations of the studied soil samples, showing the 
depth and dry color Munsell code
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to exposure, weathering, and erosion processes that led to 
its fragmentation, transfer, and deposition within the soils of 
the study area (Al-Ankaz, 2012). Figure 2 shows the calcite 
mineralو representing carbonate rocks fragments under a 
polarizing microscope.

Quartz is considered to be the most resistant mineral to 
chemical and mechanical weathering factors. Quartz (SiO2) 
is ranked in the second place in terms of dominance. Its 
percentage ranged between (18.2 - 21.2%). The results also 
showed that the vertical distribution of quartz through the 
depth horizons of the studied soil locations was not consistent. 
The dominance of quartz in the study soils is due to the effect 
of the nature of the soil origin material, which is originally 
rich in quartz, the main component of the sand. Also, the 
quartz is characterized by its high resistance to weathering 
due to the nature of its ionic chemical bonds and the degree of 
its hardness (Al-Azami, 2006). Figure 2-b shows the Quartz 
under the microscope. The source of Quartz comes from the 
deposits of the Debdiba formation in Nasiriyah, which are 

Gypsum and Anhydrite came in fourth place. They 
showed a difference in their distribution pattern with the 
depth of each location as well as in their percentage which 
ranged from (5.8 - 10.8%). This vast difference in their 
percentage is due to the influence of the pedogenic process 

formed under semi-humid conditions with relatively short 
dry periods. These climatic conditions played an important 
role in the dominance of Quartz and reduced the proportion 
of Feldspar (Al-Khafaji and Al-Najar, 2010).

In third place came the sedimentary mineral Chert (flint 
stone) (Figure 2-c). This mineral, consisting mainly of Silica, 
is considered one of the highly weathering resistant minerals. 
Its percentage ranged between 13.2and17.5%. It has taken a 
somewhat vertical distribution in the depths of the studied 
soil locations.

The reason for the presence of this mineral in high 
proportions in the soil is the result of its presence in the 
sandstone layers in the formation of Al-Dibbah, which is 
exposed in areas close to the study area. Likewise, according 
to Pettijohn (1957), the presence of limestone pieces is 
attributed to the mineral maturation of sandstone deposited 
in the Dibdiba formation, which was subjected to the 
processes of weathering and erosion.

on these two minerals at different levels, depending on the 
nature of agricultural practices and the nature of the solubility 
of both minerals as well as soil materials inherited from the 
original substance and its mineral composition (Figure 3-a). 
These two minerals may represent a rearrangement within 

Figure 2. Shows three types of light minerals: a) Calcite (carbonate rock fragment (Limestone), Sample Number L5-2 , b) Quartz, 
Sample Number L5-2, and c) Chert rock fragment, Sample Number L3-2

Index
Weathering*OthersRock 

FragmentsChertCalciteGypsum and 
AnhydriteFeldsparQuartzDepth/ cm

Location
%

7.31.06.617.142.010.72.719.950

Location 1 8.31.26.716.543.99.22.420.1100

6.41.17.217.543.08.93.019.3150

4.91.56.317.442.310.63.718.250

Location 2 6.01.06.916.943.210.83.018.2100

8.71.47.715.942.79.52.420.9150

9.61.47.915.745.78.02.019.350

Location 3 6.11.77.916.242.79.93.018.5100

5.11.55.913.242.610.73.920.2150

4.91.66.414.745.78.44.120.150

Location 4 6.21.47.415.444.56.73.421.2100

5.21.47.216.843.86.43.920.5150

6.31.57.416.944.25.83.320.950

Location 5 4.51.77.817.342.56.84.319.6100

4.71.67.117.543.46.84.119.5150

Table 2. The percentages of light minerals in the fine sand particles for the locations of the study area

* The Quartz/Feldspar ratio was adopted as an indication of the light minerals weathering intensity in the study area (Carver, 1971).



the soil body, representing a structural and evolutionary 
stage for the formation of Gypsum horizons, as stated in the 
study of Al-Azami, 2006.

As for Feldspar minerals, which came in the fifth rank 
with few percentages compared to other minerals, the 
percentages of their presence in the study horizons ranged 
between (2.0 - 4.3%), and their percentage was close in most 
of the horizons (Figure 3-b). It is one of the minerals that is 
greatly affected by different weathering processes, as it is 
affected by the nature of the soil components, the nature of 
the origin (parent) material, and the severity of weathering. 
So, we note that its percentages are greatly reduced in some 
horizons. The reason of this reduction is due to the ease of 
chemical weathering and transformation into clay minerals 
such as Kaolinite and Illite (Tucker, 1985) according to its 
low presence in the studied samples. This result indicates the 
mineral’s transmission over short distances and the speed of 
its chemical weathering, and this is due to the presence of 
Feldspar minerals in the sandy sediments of the formation 
of Al-Dibbeh in the Nasiriyah region (Al-Khafaji and Al-
Najar, 2010). Feldspar is more abundant in metamorphic and 
igneous rocks than in sedimentary rocks, and its presence 
in sandstones is generally very beneficial (Pettijohn et al., 
1987).

Table 2 also shows the rock fragments’ percentages 
that ranged between (5.9 - 7.9%). They are limestone 
sedimentary, clay, and silica rock pieces. As for their shapes 
under the microscope, they were in different shapes from 
round to angular shape. Most of them were covered with 
clay materials or iron oxides, and their distribution pattern 
was heterogeneousone within the horizons of the studied 
locations (Figure 3-c).

Other materials were found in considerable ratios, most of 
which consist of fossils that spread widely in the sedimentary 
plain area, in addition to their large spread in the study area, 
representing marshes and swamps. The proportions of these 
fossils ranged from (1.0-1.7%) as shown in Figure 4.

To clarify the weathering condition of light minerals, the 
Quartz / Feldspar mineral ratio was adopted as an indication 
of the intensity of weathering of light minerals in the study 
soils (AlKhalil and Essa, 2020). As shown in Table 2, the 
weathering index values for light metals ranged between 4.5 
and 9.6%. The lowest weathering index appeared within the 
fifth location at the depth of 100-150 cm. While the highest 
weathering index appeared within the third location of the 
surface horizon (depth of 0-50 cm). These values indicate the 
increase in surface weathering and its decrease with depth.

Ramthan and Chlaib  / JJEES (2024) 15 (2): 107-114110

Heavy minerals generally include Opaque minerals with 
a high specific weight because of their iron content. They 
are sometimes black, such as Magnetite, which spreads in 
igneous rocks (Kerr, 1959), or brown, as in Hematite, which 
spreads in metamorphic and sedimentary rocks (Bishop and 
Hamilton, 1974) or yellowish as in Limonite that is produced 
from the oxidation of ferrous minerals (Kerr, 1959).

Table 3 shows the values of heavy minerals as 
percentages of their distribution with depth for fine sand 
grains separated by sieve. It was noted that it contained large 
numbers of minerals in the following sequence: the dark 
minerals, Chlorite, Amphibole, Pyroxene, Apidot, Zircon, 

3.2. Heavy Minerals 

Figure 3. Shows three types of light minerals: a) Secondary 
Gypsum, Sample Number L3-3, b) Plagioclase Feldspar, Sample 
Number L2-1, and c) Carbonate Rock Fragment (Shell Fragment)

(Aragonite), Sample Number L1-1

Figure 4. Shows a sample of the fossils (shells) that appear in the 
study area, Sample Number L4-3



Muscovite, Garnet, Biotite, Rutile, and Tourmaline.

Through the values of Table 3, it appears that the dark 
minerals Opaque Grains represent the largest percentages 
of heavy minerals in all the depths of the study area, as 
their percentages ranged (from 46.7 to 50.9%). The reason 
for the dominance of the Opaque group of minerals over 
the rest of the minerals is due to the role of the oxide-rich 
parent material (Figure 5-a). It was shown (Kerr, 1959) that 
Opaque minerals are found in metamorphic rocks and re-
depositioned sedimentary rocks (Al-Jubouri, 2010).

Chlorite is found in metamorphic rocks (Pettijohn, 
1975). It comes in second place through its supremacy in the 
studied locations, where the percentage ranged from (8.9-
10.7%). It showed a kind of vertical distribution within the 
depth of one location, specifically location No. (2), which is 
graded from 8.9 - 9.2 - 10.0 (Figures 5a-b).

Among the heavy minerals is the presence of Amphibole 
minerals group represented by Hornblende. It is considered 
a medium stable mineral and common in igneous and 
metamorphic rocks (Pettijohn et al., 1972). Its percentage 
ranged between (6.8 - 7.7%), and it took an irregular pattern 
and distribution with depth for all study locations, where it 
increases in the surface horizons and decreases with depth 
in a location and in the surface horizons. It also shows an 
increase with depth in other locations. The reason for the 
difference in its ratio may be attributed to the variation of 
the original material, the nature of its mineral composition, 
chronological age, and deposition conditions.

Table 3 also shows the presence of Pyroxene in rates 
ranging from (6.2-7.4%). In general, the value was linearly 
homogeneous and convergent for the surface horizons, 
and heterogeneous vertically. It is considered one of the 
important mineral groups that make up the Ferromagnetic 
rocks found in igneous and metamorphic rocks (Murray, 
2007). It was shown by (Al-Fatlawi, 2002) that the source of 
these minerals in Iraqi soils is either intermediate-basic and 
ultra-basic igneous rocks or acidic rocks.

As shown in Table 3, the presence of Epidote in 
percentages ranging from (5.2-6.5%). This mineral, as 
is common among the minerals resistant to weathering, 
appears in metamorphic rocks. It may be found as an 
additional mineral in igneous rocks (Figure 5c).

Also, Zircon appeared with a percentage ranging 
between (3.1 - 5.9%) in all study locations. Its presence 
didn’t indicate any homogeneous distribution. It was 
present in all locations in different proportions vertically 
and horizontally, and the source of this mineral is common 
igneous and metamorphic rocks (Figure 5d).

Muscovite is found in lower percentages ranging 
between (3.8 - 4.9%) than the previous minerals in all 
the study locations where it is considered less resistant 
to weathering. It was noted that Muscovite has a vertical 
increase with depth in locations (1), (3), and (4). This may 
be due to the lack of weathering processes with depth, 

represented by pedogenic processes and climatic conditions.

Garnet is one of the minerals resistant to weathering, 
but it was found in small percentages in the study locations, 
which ranged between (3.5 - 5.3%), and perhaps the reason 
of this scarcity is due to the nature of the origin materials, 
which contain little of this mineral. Garnet is a common 
mineral in metamorphic rocks and may be also found in 
igneous rocks as an additional mineral (Pettijohn, 1975). 

Table 3 also shows the Biotite (Figure 6- a) with a value 
ranging between (3.0 - 4.9%) which showed close values 
within the surface horizons. As for Rutile, (Figure 6-b), it 
showed low percentages compared to other minerals, as its 
percentage ranged between (1.2-2.4%). The reason of the 
decline is attributed to the source materials, which is the 
base rock from which these soils came.

Finally, the Table showed the lowest values for all study 
locations represented by the Tourmaline (Figure 6-c), with 
values ranging between (1.0 - 1.9%), and the reason for its 
decline may be attributed to weathering processes or the 
nature of the original material.

In order to understand the state of weathering within 
the horizons of the soil for heavy minerals, which have a 
somewhat higher resistance to weathering than light metals, 
the ratios of (Zircon + Tourmaline) and that  of (Amphibole 
+ Pyroxene) were adopted as an indication of the intensity of 
heavy minerals weathering in the soils’ study (Carver, 1971).

Table 3 shows the weathering index values for heavy 
minerals. These index values ranged between (0.2 - 0.5%), 
which are low values compared to light minerals. It was 
noted that the weathering values for a single location are 
close, and this explains that these horizons within a single 
location were subjected to somewhat similar conditions 
in addition to the similarity of the original material. This 
is what was observed in locations (4) and (5), as the index 
values were equal,  scoring 0.4% for all horizons of the study 
locations.

The other locations indicate a rise in the weathering 
values of the surface horizons or those below them, and this 
is due to the climatic conditions of heat and rain. As well 
as the decomposition of plant residues, which encourages 
microbial activity and thus helps the minerals weather and 
dissolve  into other minerals.
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Table 3. The percentages of heavy minerals in the fine sand particles of the study area soils
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Depth/ cm
Locations

%

0.31.84.03.01.75.81.77.06.93.54.59.849.950

Location 1 0.31.93.83.41.95.21.07.56.83.85.910.748.4100

0.22.03.73.52.06.0-7.36.43.94.99.450.9150

0.32.24.93.82.25.91.47.77.03.73.78.948.650

Location 2 0.32.34.13.61.86.31.27.57.24.05.19.247.7100

0.42.04.23.51.25.51.56.96.84.15.310.049.0150

0.41.74.34.91.65.81.77.16.64.04.88.948.650

Location 3 0.41.94.54.31.85.51.66.86.94.54.69.747.9100

0.41.74.84.61.85.61.46.96.24.85.09.248.0150

0.51.83.93.81.56.51.87.26.05.35.29.447.650

Location 4 0.51.94.83.91.36.31.97.06.85.14.89.546.7100

0.42.24.24.01.76.81.87.56.44.94.49.346.8150

0.41.84.63.52.45.61.86.86.64.34.810.547.350

Location 5 0.42.14.54.21.86.01.76.97.24.95.29.046.5100

0.41.04.14.11.76.21.97.07.44.75.09.247.7150
*The ratio of Garnet + Tourmaline / Amphibole + Pyroxene was used as an index to the heavy minerals weathering intensity (Carver, 1971).

Figure 5. Shows three types of heavy minerals in the study soils a) Chlorite and Opaque Grains, Sample number L5-2, b) Green 
Chlorite, Sample Number L4-1, c) Epidote, sample number L2-1, and d) Colorless Zircon, Sample Number L3-1



Figure 6. Shows three types of heavy minerals in the study 
soils: a) Flacky Biotite, Sample Number L2-1, b) Deep Red Rutile, 

Sample Number L4-1, and c) Tourmaline, Sample Number L1-2
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4. Conclusion

Acknowledgments:

Based on the results of this research, it was found that 
th calcite was dominant in general for all study horizons, 
as it reached 45.7%. This dominance indicates that the soil-
forming material of sedimentary rocks was rich in carbonate. 
Quartz came in the second place, in dominance, which is one 
of the most common minerals found in Iraqi soils because 
of its high resistance to weathering. Weathering values 
for light minerals showed high values, reaching 9.6%, and 
this indicates that these soils were subjected to significant 
weathering, especially in the surface horizons that is due to 
climatic factors such as heat, wind, and rain.

For the heavy minerals, researchers concluded the 
dominance of Opaque grains with a ratio of 50.9%, This 
result indicates that the basic rocks that formed these soils are 
rocks rich in oxides such as iron and magnesium. Weathering 
values for heavy minerals were low relative to light minerals, 
and this finding indicates the severity of weathering to which 
light metals were exposed in the studied soils.

The authors are very grateful to the deanship of the 
College of Agriculture, University of Sumer for allowing the 
authors to use the college laboratory devices.

Based on the types and concentration of heavy minerals 
present in the studied soil samples, the source of these 
deposits must be rich in metamorphic and igneous rocks. 
secondly, it is rich in sedimentary rocks. Therefore, the 
proposed source for these deposits is the Arabian Shield, 
in addition to the presence of some sediments transported 
from sedimentary rocks in the neighboring areas. The high 
presence of unstable and medium stable heavy minerals, such 
as Pyroxene and Hornblende, which can indicate the strong 
influence of transport factors and mechanical weathering 
compared to the effect of chemical weathering factors, and 
therefore the most important factor for the transfer of these 
deposits is wind.
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Abstract

1. Introduction

Heavy metals are natural constituents of the earth-
crust and are emitted to the environment in different ways: 
combustion of fossil fuel and road traffic, tears of tires, 
corrosion of building materials, automobile bodies, brake 
lining, industry, and human activities. Then, they are settled 
in soil, water, air, dust and sediments, fertilizer, and sewage. 
Consequently, they accumulate in the top layer (Mashal et 
al., 2017; Li et al., 2014; Aaseth et al., 2016; Kumar et al., 
2015). Increasing industrialization has been accompanied 
throughout the world by the extraction and distribution of 
mineral substances from their natural deposits. Many of 
these substances have undergone chemical changes through 
technical processes, and are finally dispersed in solutions 
by different ways of effluent, sewage, dumps, and dust, 
into the water, the earth, and the air and thus into the food 
chain (Al Bakain et al., 2012a). Thus, the threat posed by 
heavy metals to human health and the environment has risen 
sharply; hence, there is rising public health interest in the 
possible effects of heavy metals on human health (appendix 
1). Many investigations were carried out to determine 
the levels of heavy metals in different areas and materials 
worldwide, including sediment (Bany Yaseen et al., 2019; 
Irvine et al., 2009), street dust and surface soils (Tarawneh et 
al., 2021; Lee et al., 2005), and in different parks and gardens 
(Lorraine et al., 2015; Gu et al., 2018; Wang et al., 2019). 
Heavy metals can enter human bodies in many ways; the 

common modes of intake of external materials are inhalation 
of air into the lungs, ingestion of food, water, and at times 
non– food items into the gastrointestinal system and transfer 
through the skin intravenous, intramuscular and vaginal 
routes (Al Bakain et al., 2012a). Identifying the level of the 
heavy metals and their toxicity degree in the living areas is 
required, especially in the areas where children gather since 
they ingest quantities of soil dust when they play in parks or 
gardens more likely than adults with their habit of placing 
dirty fingers and objects into their mouths (Al Bakain et al., 
2012a). Therefore, they are more susceptible to the intake of 
toxins than adults are which is risky since maximal brain 
growth and differentiation are found in the first few years 
of life. 

Open parks are one of the favorite places for children 
to spend time. The distribution of heavy metals in the soil 
in parks is related to natural and anthropogenic sources 
(Lorraine et al., 2015; Gu et al., 2018; Wang et al., 2019) such 
as the food residues, application of irrigation water (surface 
or groundwater), and construction activities nearby the 
park’s areas. Many studies focused on the concentration of 
heavy metals and their sources in different parks worldwide 
(Lorraine et al., 2015; Gu et al., 2018; Wang et al., 2019; 
Paukszto et al., 2018; El Hamiania et al., 2010). In the USA, 
Lorraine et al., 2015 evaluated Pb, As, and Cd levels in 12 
parks in Los Angeles to find high levels of Pb (> 80 mg/
Kg) in 11 gardens, where the As level was > 5 mg/Kg, then 
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In this study, selected heavy metals, present in park soil samples from different areas in Amman-Jordan, were evaluated. Soil 
samples were collected from 30 different parks in 3 different areas during the summer season. The physiochemical properties 
that play a main role in metal mobility were determined, such as pH that showed neutral to alkaline values. The moisture 
content revealed low value due to the high evaporation level during sample collections, and finally, the organic matter 
content  was full in high contents. Park soils’ metal contents were extracted and then examined by flame atomic absorption 
spectroscopy. The data were exposed to principle component analysis and hierarchical cluster analysis to reveal the variations 
of park metal levels as a result of geographical park areas, to show the metals that were responsible for clustering parks, and 
finally, to facilitate the future metal’s location prediction and parks clustering of unknown soil samples based on their metal 
contents. The results showed that thirty parks of different soil samples were grouped into two clusters. Among the parks, two 
areas of high traffic jams and construction processes were clustered together due to the distinct content of Pb, Cu, and Ni 
where the third area shows distinct content of Zn that was responsible for clustering parks of this area alone. Classification of 
park soils according to the similarities of their chemical contents based on Flame Atomic Absorption Spectrometry outcomes 
will help define the sources of the studied heavy metals and provide clear information about the common health symptoms /
issues caused by exposure to these heavy metals in the areas that have been clustered in one group.

© 2024 Jordan Journal of Earth and Environmental Sciences. All rights reserved

* Corresponding author e-mail: r.bakain@ju.edu.jo

Received September 19, 2023; Accepted November 15, 2023

JJEES (2024) 15 (2): 115-122
ISSN 1995-6681



Al-Hanini et al. / JJEES (2024) 15 (2): 115-122116

finally, Cd concentration was found to be < 2 mg/kg in all 
samples. In China (Gu et al., 2018), 28 urban soil parks in 
Guangzhou city were studied to find that Cd, Pb, Ni, Cu, 
Zn, and Mn were higher than their background value due 
to anthropogenic sources. Another study was carried out in 
China, where 34 soil samples from 6 parks in Jiaozuo-Henan 
Province were collected (Wang et al., 2019), and the results 
showed that the concentration of As, Zn, Co, and Ni was 
higher than the background value. In Tatra National Park-
Poland, a high content of soluble compounds of the tested 
metals was obtained due to the long-term flow from the 
south and west of Poland to the studied area (Paukszto et 
al., 2018). In Morocco, 16 garden soil samples were collected 
from the area adjacent to a mining area (El Hamiania et al., 
2010) to find that Cr concentration was above the acceptable 
value (50 mg Kg-1), and Mn concentration was very high 
(i.e. exceeded 900 mg.kg−1). The mobility of heavy metals 
in soil is affected by many factors: organic matter content, 
structure, moisture, and pH (Murray et al., 2004; Imperato 
et al. 2003). When pH decreases, the ions begin to break free 
of their compounds and hence, the solubility of the heavy 
metals in the form of ions will increase and that leads to 
the increase of the mobility in soils. High carbonate content 
enhances the pH, which promotes precipitation of metals in 
the soil. The change in pH during the extraction depends on 
the composition of the sample and affects the amount of the 
metal leaching considerably (Al Bakain et al., 2012a; Murray 
et al., 2004; Imperato et al. 2003). 

Principal component analysis (PCA) and hierarchical 
cluster analysis (HCA) are useful tools in analytical chemistry 
that are used for classifications (Al Bakain et al., 2011; Al 
Bakain et al., 2021a; Al Bakain et al., 2020; Al Bakain et 
al., 2021b; Al-Hyasat et al. 2021; Liu et al., 2023). These 
tools were performed in many studies for many purposes 
to identify the content most important in distinguishing the 
sample varieties, to find the variation in chemical profiles as 
a result of different batches,  to confirm whether the areas 
in the cluster analysis would also be grouped, and to reveal 
the compounds that were responsible for grouping the areas 
between clusters. 

There is currently no available systematic clustering 
for the park soils’ heavy metals content in Jordan. Hence, 
this study was implemented to examine the metal contents 
of 30 park soils. For the first time, park soils were obtained 
from different areas in Amman, extracted, and analyzed 
using Flame Atomic Absorption Spectroscopy (FAAS). 
The Zn, Pb, Cu, and Ni metals were evaluated to reveal all 
possible metals necessary for park clustering. Grouping the 
soil samples from different parks was accomplished, using 
unsupervised clustering methods (i.e. PCA and HCA). To 
the best of our knowledge, this study is the first to classify 
the park soil samples in Amman-Jordan and to use the PCA 
and HCA to predict the location for future park soil samples, 
considered for blind analysis.

areas (Table 1). The studied parks represent different 
locations, types of soil, ages of buildings around, street 
types (i.e. major or minor), and human activities. Sampling 
locations are shown in Figure 1.

Thirty public parks, distributed in different 
neighborhoods in Amman, have been selected as sampling 

From each park, representative soil samples were 
collected during the summer season in Amman (i.e. August-
October 2019), and then transferred to a polyethylene bag. 
Areas of the parks were varied from 675 m2 to 8747 m2. The 
number of the collected samples was varied according to the 
area of each park to be from 25 to 300 samples.

 For all representative soil samples, large debris and 
stones were removed, then the filtered soil was grounded, 
using a ceramic mortar and pestle to assure homogeneity, 
sieved through a 125 μm sieve, and finally, stored in 
polyethylene bags in a freezer at -20˚C prior to analysis. 

The pH meter has been calibrated at pH 4 and 7 buffer 
solutions at room temperature. Then, the pH value of the 
water extract of each park soil sample was determined 
by dissolving the soil in milli-Q water (1: 2.5 wt/v) in 15 
polypropylene test tubes.

The moisture content was determined by weighing 
around 1.0 g of each park soil sample, then was heated in an 
oven at 105ºC for 12 hrs. until reaching constant weight. The 
weight loss was calculated based on the difference between 
the final and the initial weight. The same dried sample was 
then transferred into a muffle furnace at 550º C for 4 hrs. 
in order to determine the organic matter content, which 
was then calculated gravimetrically based on the weight 
difference.

All glassware, polypropylene test tubes, and funnels 
were initially cleaned with soap, washed thoroughly with tap 
and distilled water, and soaked overnight in 10 %HNO3 (v/v) 
to remove any contamination by heavy metals. Centrifuge 
(Model, PK 130), oven (Binder, IP 20, Germany), muffle 
furnace (Carbolite, S33 6RB, England), water bath shaker 
(Jeio tech, BS-11, Korea), sieve 125 µm (Model Retsch, G.M, 
B.H, Germany), pH meter (HANNA, HI-2002 Edge, USA), 
and ultrasonic bath (Model, 50T, New York) were used in 
this work. A standard solution of Pb, Zn, Cu, and Ni of 1000 
ppm was implemented to prepare the solutions based on the 
following concentrations: Zn: 0.05, 0.5, 1 and 2 ppm, Ni: 0.5, 
1, 3, and 5 ppm, Cu: 0.05, 0.5, 1, 3 and 5 ppm, and Pb: 1, 2, 
5, and 15 ppm. The HNO3 analytical grade 65% (Scharleau, 
Spain) solvent was applied to extract the heavy metals 
from the soil samples. The standard Reference Material 
(SRM) NIST 1646 was purchased from Sigma-Aldrich. 
Determination of heavy metals was carried out on FAAS 
(Varian 55B model) according to the following conditions: 
Air acetylene was the fuel of 1.5 L/min fuel flow, slit width 
was 0.2 nm, lamp current was 5, 6, 5, 7 mA, and finally, the 
wavelengths were 217.0, 224.7, 213.9 and 232.0 nm for Pd, 
Cu, Zn, and Ni respectively.

2. Experimental 
2.1. Sampling areas 

2.2. Sampling 

2.4. Sample Pretreatment

2.6.  pH Measurement

2.5. Moisture and Organic-Matter Content

2.3. Chemicals and Instrumentations
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Table 1. Description of the sampling areas in Amman- Jordan.

Park Group Park No. Park Name Site
A 1 Queen Noor Almadina
A 2 Ammar bin Yasir Basman
B 3 Alabdallat Marka
B 4 Iskan alamana Marka
B 5 Alouda Al Nasr
A 6 Khawla bent Alazwar Yarmouk
A 7 Um almuminin Ras Al Ain
A 8 Kafr Ra’i Badr
A 9 Al Mutanabi Zahran
A 10 Aldiyar Zahran
A 11 Teacher Samir Al Rifai Abdali
A 12 Bilal bin Rabah Abdali
B 13 Alhilal Tariq
C 14 The princess Badiea Al Qwiesma
C 15 Juwaida Al Qwiesma
C 16 Mutah Khuraibet Al-Souq
C 17 AlMuqabilin Almuktabia Al-Muqabilin
C 18 The Petra Al-Muqabilin
B 19 Judge Moussa Al Saket Sweileh
B 20 Um Omar Sweileh
A 21 Almururia Tlaa Al-Ali
A 22 The Hashemite Flag Jubaiha
B 23 Al Manhal Jubaiha
B 24 Independent Park Shafa Badran
C 25 Hussain Al-Khawaja Wadi Seer
B 26 Alshaeb Wadi Seer
A 27 Alshilal Wadi Seer
B 28 Abu Naseer 1 Abu Naseer
C 29 Albunaiat Al-Muqabilin
C 30 The Honorable Rock Ras Al Ain

Figure 1. Map of the sampling sites in Amman (the numbers from 1 to 30 are the parks names as identified in Table 1).



The extraction of heavy metals from park soil samples 
was carried out by weighing around 0.7 g of dry sample. 
Then, 15 mL of concentrated HNO3 was added in 50 mL 
polypropylene test tubes, heated for 2 h at 95º C in a water 
bath shaker, sonicated for 30 mins in ultrasonic bath at 50º C, 
then centrifuged for 15 mins at 1000 rpm (Al Bakain et al., 
2012a). The sample was then diluted with 1% HNO3. Blank 
solutions and the SRM were prepared in the same way as 
employed for the real samples.

below. None of the collected samples were assigned to a 
class membership; hence, unsupervised clustering methods 
were applied (Al Bakain et al., 2020). 

To evaluate the analytical precision and accuracy of the 
analytical procedure, blank reagents, replicate samples, and 
standard reference material were implemented. Blanks were 
prepared in a similar manner to that of the real samples and 
were analyzed before each measurement. All extractions and 
analyses were made in triplicate (n = 3) for quality assessment, 
and the average results were reported. The analysis of SRM 
was conducted and compared to the results reported in the 
certified values. The SRM was subjected to the extraction, 
and then the results were reported as the percent recovery.

The main targets for applying multivariate analysis in 
chemistry are grouping, clustering, discriminating, and 
classifying objects (samples, compounds, or materials), 
besides modeling relationships among different analytical 
data (Al Bakain et al., 2020). In grouping or clustering, park 
soil samples would be grouped according to their chemical 
composition, elemental pattern, or technological properties. 
In classification, soil samples would be classified into 
known class membership based on their elemental pattern, 
chemical composition, or spectra (Otto, 2016; Sipos et al, 
2005). Generally, there are two main methodologies adopted 
for grouping or clustering known as unsupervised and 
supervised methods. For unsupervised methods, a grouping 
of analytical data is carried out by projecting the high 
dimensional data into a lower dimensional space, and since 
there is no supervisor to relate the membership of samples 
to classes, then unsupervised methods are performed in 
a supervised manner (Al-Hyasat et al., 2021; Brereton, 
2007). Both Principal Component Analysis PCA and 
Hierarchical Clustering HCA methods are typical examples 
of unsupervised methods (Otto, 2016; Brereton, 2007). 
In this study, HCA and PCA were performed to confirm 
whether the soil samples obtained from different parks 
would be grouped based on the analysis results of the heavy 
metal contents in each sample. PCA can reveal the metal/s 
that is/are responsible for grouping soil samples of origin. 
Such classification results may have value for environmental 
researchers in the discrimination and selection of park soil 
samples. These results may help to show the similarities and 
differences between soil profiles across Amman. 

The data were arranged as a data matrix X of  samples 
and variables. For the current case, matrix X has the size 
of 30×30 (i.e. 30 parks) × 4 heavy metals. Matrix X was 
subjected to different clustering methods as will be discussed 

The main strategy of unsupervised methods is based 
on cluster analysis where the soil samples are aggregated 
stepwise according to the similarity of their features or 
variables (i.e., contents of heavy metals). As a result, 
hierarchically ordered clusters are created. In HCA, the 
collected data is displayed in a certain way to emphasize their 
natural clusters and patterns in a two-dimensional space. 
The results are often presented in the form of dendrograms, 

PCA is a data compression method based on the 
correlation among variables. It aims to group those 
correlated variables, while replacing the original ones by a 
new set, called the principal components (PCs), onto which 
the data are projected (Al Bakain et al., 2012b). These PCs 
are completely uncorrelated and are built as a simple linear 
combination of the original variables. It is important to 
point out here that the PCs contain most of the variability 
in the data set, albeit in a much lower dimensional space. 
The first principal component, PC1, is defined in the 
direction of maximum variance of the whole data set. PC2 
is the direction that describes the maximum variance in the 
orthogonal subspace to PC1. The subsequent components are 
taken orthogonal to those previously chosen and describe the 
maximum of the remaining variance (Liu et al., 2023; Otto, 
2016; Brereton, 2007). Once the redundancy is removed, only 
the first few principal components are required to describe 
most of the information contained in the original data set. In 
this study, two data matrices were built. The data matrix X 
(30×30) is decomposed into two matrices: T (score matrix) 
and L (loading matrix), using a suitable PCA algorithm. 
The first step in PCA is the computation of loadings. 
Mathematically, the loadings are the eigenvectors of the 
matrix (XXT). There are several methods to estimate the 
eigenvectors, such as singular value decomposition (SVD) 
and NIPALS (non-linear iterative partial least-squares) in 
the order of explained proportion of the variations in X until 
a certain pre-established number of components (Al Bakain 
et al., 2020). The loadings are grouped into a matrix L. The 
collected loadings are orthonormal, meaning they are both 
orthogonal and normalized. The relationship between the 
original matrix X, the loading matrix U, and the score matrix 
T is described (Otto, 2016; Brereton, 2007): 

X = TLT                                                                          (1)

Mathematically, matrix X is decomposed in the product 
of two matrices, T and L, on the condition that L is formed 
by orthonormal columns. T is obtained as T = XTL. In this 
work, the size of X is 30×30, while size T is 30×h and L is 
h×30, where h is the number of factors needed to decompose 
matrix X. The optimum number of factors (h) is necessary 
to create the optimum number of loadings and scores and 
produce informative discrimination among soil samples (Al 
Bakain et al., 2020). As initial variables are assigned into 
four different groups (i.e. 4 heavy metals), then it is possible 
to classify soil samples based on heavy metals̀  levels. 

2.7. Acid-Extractable Fraction of Heavy Metals

2.8. Validity and Quality Control 

2.9. Statistical data treatments 
2.9.1 Multivariate analysis of park soil samples using unsupervised 
clustering methods

2.9.2 Arrangement of chromatographic data

2.9.4 Hierarchical clustering analysis 

2.9.3 Principal component analysis: 
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which allow quick visualization of clusters and correlations 
among tested samples. The similarity between samples can 
be evaluated following a suitable distance measure, which is 
commonly applied in pattern recognition. Euclidean distance 
d (which is a special case for Minkowski distance) between 
samples is estimated as (Brereton, 2007):

                                                                          (2)

where K and i/j are the number of variables measured 
for samples and indices for samples respectively. Estimations 
would be made using the main principal components of the 
original data after decomposition by PCA. Initially, di,k is 
estimated between all samples (i.e., every sample is to be 
compared with the remaining samples) to create the distance 
matrix. The similarity or aggregation between samples is 
then estimated using the weighted average linkage method 
(Brereton, 2007).

The statistical analysis, including principal component 
analysis PCA and hierarchical cluster analysis HCA, was 
performed using Chemoface 1.61 software which runs under 
MatlabVR (Mathworks, 8.6, USA).

The soil samples from area A showed high pH values 
since this area consists of new hotels, shopping centers, and 
office buildings in Amman (Abdali). Moreover, areas A and 
B had big construction phases during our sample collection. 

Regarding the moisture content of the 30-park soil, 
the values were low, and there was no variation among the 
three areas as shown in Figure 2. The highest moisture 
content was 3.33% at area A followed by 2.78% and 2.57% 
for areas C and B respectively. These results are related to 
the high temperature recorded in Amman during the sample 
collection (August-October 2019) with an average of 38°C. 

The average organic matter (OM%) content was 13.77%, 
14.38%, and 13.78% for areas A, B, and C respectively. The 
OM% in the studied areas ranged between 7.97% and 21.07%. 
The differences in OM % values between the studied areas 
can be attributed to the organic contaminants caused by the 
residues of food, animal, cartons, papers, and car emissions 
such as fuel and oils, smelting, chemical fertilizers, mining 
emissions, in addition to grass and vegetation that cover the 
soil (Al-Khashman et al., 2006) at the studied park soil areas. 

2.10. Statistical software 

Moisture (Mois) content, organic matter content (OM), 
and pH have been evaluated (Figure 2). The pH is a test 
for measuring the binding strength and potential mobility 
of heavy metals in soil (Al Bakain et al., 2012a). Metal 
solubility decreases at high pH values, which leads to metal 
precipitation. The results of pH measurements showed that 
all park soil samples in the 3 areas (A, B, and C) were neutral 
to alkaline (i.e. pH > 7). The pH values were varied between 
7.86 and 12.27, with an average of 8.52. This result referred 
to the difference in waste composition that might affect the 
pH values, such as the food residues, application of irrigation 
water (surface or groundwater), construction activities near 
the parks area, and cleaning rate of the park areas. Moreover, 
the nature of the soil in Jordan is almost calcareous (i.e. 
high carbonate content), which raises the pH values (Al 
Bakain et al., 2012a). Carbonate provides a buffer against the 
mobilization of metals and facilitates metal’s precipitation 
(Sipos et al., 2005).

In order to assess the accuracy of the results obtained by 
the analytical method implemented in this study, two methods 
were provided: blank solutions and SRM. The recovery of 
the heavy metals in NIST (1646 a) was (95.60%, 105.04 %, 
97.21 %, and 85.52%), and the detection limit was 0.01, 0.10, 
0.02, and 0.07 mg/L for Zn, Pb, Cu, and Ni respectively. The 
averages of heavy metals concentrations (mg/Kg) in the 30 
investigated park soil samples are illustrated in Figures 3 and 
4.

3. Results and Discussion 
3.1. Physico-chemical soil properties

3.2. Total heavy metals

 Figure 2. Average physico-chemical soil properties for the studied 
parks in Amman.

 Figure 4. Average concentrations of each metal in the three studied 
areas.

 Figure 3. The average total concentrations (mg/Kg) of heavy metals 
in the soils of the three park areas.
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 Figure 4 (contin.) Average concentrations of each metal in the three 
studied areas.

 Figure 5A. Dendrogram of the 30 park soil-origin samples of metal 
contents

 Figure 5B. Dendrogram of the 30-park soil origin samples of metal 
contents in average.

Generally, zinc occurs naturally in soil with about 70 
mg/kg in crustal rocks and also from the high density of 
vehicular traffic (Al-Khashaman et al., 2006). The three park 
areas showed high levels of Zn (115.60, 121.17, 146.21 mg/kg 
at A, B, and C respectively) since these areas have intense 
traffic jams with busy vehicles movements all over the day. 
Since Zn exists in the carburetors, pumps, and automobile 
door panels, hence, high levels of Zn are expected. Moreover, 
the majority of the three park areas are located on major or 
minor busy streets, nearby bus stations, have busy cafes 
with outdoor Hookah and high traffic jam neighborhoods. 
The average concentration of Zn of the control sample was 
28.68 mg/Kg; this indicates that the soil samples in all parks 
have higher levels than the control area as seen previously 
in Figure 3. 

Regarding Ni, the average concentrations at all park 
samples in all areas were close to each other (37.72, 36.07, 
and 36.27 mg/Kg, in A, B, and C respectively). This result 
refers to the usage of Ni in many specific and recognizable 
consumer products, including stainless steel, alnico magnets, 
coinage, rechargeable batteries, and special alloys and green 
tint in glass (Davis, 2000). 

For lead, the average concentration was 54.86, 45.58, 
and 48.48 mg/kg respectively. The average concentration of 
Pb in the control sample was 6.83 mg/Kg. In fact, the main 
source of Pb in the completely studied areas is attributed to 
the automobile exhausts that use Pb as an anti-knock agent in 
the combustion of gasoline. Since the majority of public park 
areas have very intense traffic jams, hence a high percentage 
of Pb is expected. 

Finally, the average concentration of Cu was found 
to be 25.38, 21.90, and 19.56 mg/kg at A, B, and C areas 
respectively. The sources of Cu are wires, electric device 
tailing, and plating materials that use copper to protect the 
surface of the brass alloy, bars, and winding in the motor and 
generator of the buses (Kartal et al., 2006).

As indicated in Figure 5-A, two main clusters collect the 
30 parks at the three areas. Cluster of group I collects 6 parks, 
where cluster II collects 24 parks. HCA analysis revealed the 
same and/or comparable constituents of park soil contents of 
heavy metals. It is clearly appeared that cluster II (22 parks 
from locations A and B, and only 2 parks from location C) 
are overlapped which means that these parks’ soils have 
similar or very comparable metal contents. Regarding group 
I, it has only parks from area C, which means that the park 
soils of this area have the same metal contents. To clarify 
these results, the average concentrations have been taken, 
and HCA has been re-carried out to reveal Figure 5-B. The 
order of the average Zn and Pb contents in all the areas was 
C > B > A and A > C > B, respectively. Cu and Ni metals 
showed the same order of A > B ≈ C. Location C shows 
distinct content of Zn that clusters the parks from area C 
together, but far from locations A and B, which means that 
Zn is responsible for clustering C alone. This result clearly 
appeared on PCA, Figure 5-C which revealed that the data 
loading collected was 99.99% of the whole information from 
PC1 and PC2.

3.3. Statistical data treatment
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 Figure 5C. PCA output: bi-plot obtained from the 30 origin parks 
soil contents.

4. Conclusion
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Element Toxicity

Lead Inhibits different biological processes in nervous system, heart, and kidneys, causing headaches, anemia, and death.

Cadmium Hazardous for the nervous system, kidneys, liver, lungs and could also affect bone. Causing fever, chills, body aches, 
and joint pain.

Iron Duo to increasing the concentration level of Fe above the threshold value that causes abdominal pain, vomiting, 
lethargy, and diarrhea.

Copper Accumulating of copper leads to several problems like hypotension, abdominal pain, liver damage, kidneys and brain.

Zinc Loss of taste, infertility, birth defects, chronic diarrhea, kidney disease, white spots on fingernails.

Nickel Hazardous to the respiratory system, immune system, nasal cavities and sinuses, and the skin.

Appendix 1. (Aaseth et al., 2016; Li et al., 2014; Lorraine et al., 2015).
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The study was conducted to evaluate the potential use of Sunflower (Helianthus annuus) to remediate contaminated soil 
with pyrene in  phytoremediation experiments. Pyrene was used as an example of the PAHs at different concentrations. 
Representative soil samples were collected and contaminated by pyrene at three levels of concentrations: C1 (1.8 mg/kg), C2 
(150 mg/kg), and C3 (300mg/kg). The experiments were conducted for 86 days. The pyrene removal from the contaminated 
soils was higher in most of the planted soil, compared with unplanted soil (controls) at different concentrations of the 
contaminants. In addition, the results of this study showed that sunflower (Helianthus annuus) were able to accumulate the 
tested pyrene in its tissues, and this accumulation was increased with the decrease in the contaminant concentrations in the 
soil. In addition, sunflower (Helianthus annuus) accumulated more amounts of pyrene in its aboveground parts (shoot and 
disc), compared with underground part (root). The results of this study imply that using sunflower (Helianthus annuus) in 
the phytoremediation process is an effective technique to remediate the contaminated soil with pyrene without causing any 
plant toxicity.
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1.  Introduction
Polycyclic aromatic hydrocarbons (PAHs) are organic 

compounds that have toxic effects on organisms. They can 
cause carcinogenic and mutagenic effects (e.g. Armstrong et 
al., 2004). The primary source of PAHs is the incomplete 
combustion of organic materials such as coal and oil as 
well as vehicular emissions and the indiscriminate disposal 
of refined petroleum products and used batteries (e.g., 
Imarhiagbe and Obayagbona, 2019). 

PAHs are not synthesized chemically for industrial 
purposes. However, there are a few commercial uses for some 
chemicals of the PAHs such as pyrene. Pyrene is used in the 
manufacturing of pigments (Kaminski et al., 2008). Pyrene, 
C16H10 (four fused rings), is one of the PAHs that has recently 
gained attention due to its high toxicity, presence in all 
environmental ecosystems, high persistence, and resistance 
to biodegradation (Gabriele et al., 2021; Kim et al., 2019; 
Offiong et al., 2019; Sushkova et al., 2019; Zhang et al., 2018; 
Wang et al., 2012). Moreover, pyrene was selected among 
the 16 EPA-priority PAHs as a model compound based on 
its intermediate toxicity, hydrophobicity, and environmental 
persistence. Furthermore, pyrene represents the dominant 
PAH produced by the incomplete combustion of oil and oil 
byproducts (Kanaly and Harayama, 2000), and is frequently 
found in soil (Su et al., 2008) (Figure 1).

Soil is considered similar to a sink reservoir for the presence 
of many atmospheric pollutants.Pyrenecontamination of 
soil occurs naturally because of the incomplete combustion 
of organic materials such as fossil fuels and vegetation. 
Moreover, pyrene is often monitored as an indicator of 
the amounts of PAHs in contaminated soils and sediments 
(Liu et al., 2020a, 2020b). Therefore, it is important to use 
technology that can remediate this pollutant from the soil. 
One of the important technologies is phytoremediation. 
Several studies showed that phytoremediation is an effective, 
sustainable, and reliable technique for the remediation of 
pyrene-contaminated soil and other toxic metals (Gabriele et 
al., 2021; (Omoregie and Ikhajiagbe, 2021). This technology 
utilizes plants to remove, stabilize, or reduce the toxicity 

 Figure 1. Structure of US-EPA Pyrene
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2. Materials and Methods

A representative uncontaminated topsoil samples 
(0-20 cm) were used in this study. This soil is usually 
cultivated with seasonal crops. The soil samples were air 
dried at room temperature, sieved with 2 mm mesh, and 
then subjected to several chemical and physical analyses 
for the basic soil parameters such as soil texture, past pH, 
paste electrical conductivity (EC), organic matter content 
(Black-Wakley method), and the concentration of the pyrene. 
The concentration of pyrene in soil and plant samples was 
determined according to Touraud et al., (1998) and Li et al. 
(2010).

The experiment was performed by adding five kilograms 
in total of soil to each pot and mixing the contaminants with 
the upper layer of the soil. In detail, the used pots were 
bottom-sealed to prevent contaminants from leaching out 
of the soil. In each pot, 4.5 kg of the above-described soil 
was spiked with three concentrations of pyrene C1 (1.8 mg/
kg), C2 (150 mg/kg), and C3 (300 mg/kg), mixed with the 
upper layer of the soil, three seeds of sunflower (Helianthus 
annuus) were sown directly in the contaminated soil and 
finally covered by 0.5 kg of soil. Locally cultivated sunflower 
(Helianthus annuus) in Jordan was used in this experiment, 
as it was adapted to the environmental conditions in Jordan. 
Furthermore, it doesn’t need a lot of care. In addition, 
sunflower (Helianthus annuus) is considered a drought-
tolerant plant that doesn’t need a large amount of water. 

The experiment was done in three replicates for each 
treatment. There was one control soil containing the original 
and the added contaminants, which will not be cultivated 
with any plant taking into consideration the independent 
variables like wind and temperature. The experiment was 
conducted for 86 days in two phases. The first phase was 

Martins, Liduino, Oliveira, and Sérvulo (2014) studied 
the potential of three cultivars of sunflower (Helianthus 
annuus) plants to remediate multi-contaminated soil by 
hydrocarbons and heavy metals. They conducted another 
greenhouse experiment. Results indicated that the sunflower 
(Helianthus annuus) cultivars were able to remove Benzo]
a[pyrene that is a high molecular weight polycyclic aromatic 
hydrocarbon from the contaminated soil (Martins et al., 
2014).

In Jordan, there are many sources of polycyclic aromatic 
hydrocarbons (PAHs) that might affect directly or indirectly 
the health of plants as well as human beings, such as the 
Jordan petroleum refinery, Al-Hussein thermal power 
stations, traffic emissions, accidents (such as oil spills), and 
industrial areas (e.g. All these resources led to an increase in 
the probability of soil contamination by polycyclic aromatic 
hydrocarbons (PAHs). Therefore, the main objective of this 
study is to evaluate the potential of sunflower (Helianthus 
annuus) to remediate contaminated soil with three different 
concentrations of pyrene as an example of the PAHs. Other 
objectives are to study the accumulation of pyrene in the 
three parts of the sunflower plant (root, shoot, and disc) and 
to compare sunflower uptake of pyrene.

of the pollutants or contaminants in the soil, groundwater, 
or other polluted media (USEPA, 2000; Ogeleka and 
Omoregie, 2022). However, phytoremediation is applied as 
a final step after other treatments in case of high levels of 
contamination and is an effective strategy used alone when 
the concentration of contaminants is low (Jones, 1991). 
One example of promising plants that could be used in this 
matter is sunflower (Helianthus annuus). Sunflowers are 
short-season plants that belong to the family Asteraceae, 
and there are more than 70 known species around the world. 
It originally comes from the temperate climate of North 
America (temperatures around 20- 25 °C) (Adeleke and 
Babalola 2020).

This plant has valuable benefits. Its growing season 
is relatively short. It has a large flower with a single stalk 
and differs from the wild sunflower, which is smaller and 
has multiple branches (Aboki et al., 2012). Many studies 
use sunflower (Helianthus annuus) to accumulate different 
contaminants because of its properties of rapid growth and 
production of large volumes of biomass (Martins et al., 2014). 

A comparative greenhouse experiment was conducted 
between different plant families to remediate contaminated 
soil with aged polycyclic aromatic hydrocarbons (PAHs) by 
Olson et al. (2007). It showed that the largest populations of 
polycyclic aromatic hydrocarbons (PAHs) degraders were 
contained in the soil, planted with sunflower (Helianthus 
annus). Moreover, the results showed that sunflower 
(Helianthus annuus) was effective in stimulating PAH 
removal, and it may be a promising species in the remediation 
processes for the contaminated soil (Olson et al., 2007).

The accumulation of polycyclic aromatic hydrocarbons 
(PAHs) and polychlorinated biphenyls (PCBs) uptake by 
sunflower, willow, maize, and poplar in contaminated urban 
soil in a field experiment was studied (Kacálková and Tlustoš) 
(2011). They found that a higher concentration of polycyclic 
aromatic hydrocarbons was accumulated in sunflowers more 
than in maize. In addition, they observed that the highest 
accumulation levels of pyrene and phenanthrene were found 
in plants grown in soil with lower concentrations of pyrene 
and phenanthrene (Kacálková and Tlustoš, 2011). Another 
greenhouse experiment was conducted by Tejeda-Agredano 
and colleagues in 2013 to ascertain if the germination and 
development of sunflower (Helianthus annuus) plants can 
promote bio-accessibility and biodegradation of polycyclic 
aromatic hydrocarbons in the contaminated soil. The same 
study also explored the effects of sunflower (Helianthus 
annuus) planting on the removal of six polycyclic aromatic 
hydrocarbons (fluorene, phenanthrene, anthracene, 
fluoranthene, pyrene, and chrysene) in the contaminated 
soil. The results showed that planting sunflowers (Helianthus 
annuus) had a promoting effect on the removal of five 
contaminants (fluorene, anthracene, fluoranthene, pyrene, 
and chrysene) which decreased significantly from the soil 
in comparison with the unplanted controls. Nevertheless, 
according to phenanthrene, there was not any significant 
effect on the removal of this contaminant (Tejeda-Agredano 
et al., 2013).

2.1. Soil physiochemical analysis

2.2 Phytoremediation experiments 



3. Results and Discussion

The results of physiochemical properties of soil samples 
are presented in Table 1. The particle size distribution 
(42.37% sand, 37.45% silt, and 20.18% clay) indicated that 
the soil is loam. The pH of the soil is moderately alkaline 
(8.11), non-saline soil (EC< 4ds/m), moderately organic 
matter (6.14%), and 0.2 mg/kg of pyrene.

After 86 days, the pyrene concentration in the non-
cultivated, pyrene-spiked control soil decreased by 8.67%, 
24.78%, and 39.71% for C1, C2, and C3 respectively as 
compared to the initial concentration (Table 2). This value 
was considered as the dissipation of pyrene in soil due to 
evaporation and degradation over the experimental period. 

conducted in an open area because of the high temperature 
during the summer season, and the second phase was 
conducted in a plastic house because there was an expected 
drop in the temperature.

Seeds began to germinate, and seedlings emerged. 
During this period, the soil was kept moist to prevent hard 
crust formation, which might affect seed germination. About 
ten days after the end of the germination stage, the seedlings 
were thinned to keep just one seedling in each pot. The 
vegetative growth stage lasted much time in comparison with 
other stages; it lasted about forty days. During this stage, 
plants were irrigated carefully about one inch every three 
days. NPK fertilizer with micronutrients was added right at 
the beginning of this stage to maintain good health for the 
plants. After harvesting, plants were cut into the main parts 
(root, shoot, and disc). Fresh plant samples were washed 
through tap and distilled water to remove soil particles 
and dust completely from plant parts. Fresh weight was 
measured for each part of the plants, and the length of roots 
and shoots was measured. Air drying at room temperature 
in the laboratory of the faculty of Natural Resources and 
Environment was applied for all plants and soil samples until 
getting a constant weight. After drying, the dry weight for all 
plant samples was determined.

JMP version (8) statistical software was used to analyze 
the resulting data for all tested parameters. The statistical 
analyses included descriptive analysis using distribution 
command (e.g. measures of central tendency and dispersion), 
and comparison between means using Tukey Kramer Test 
(HSD) that is based on least significant difference testing at 
95% confidence level.

There is pyrene removal from the unplanted control 
treatments, which  likely refers to the microorganisms’ 
activity in the soil (Olson et al., 2007). Furthermorepyrene 
is a volatile organic compound (VOC) and the area of 
evaporation is larger in bared soil (control) than in planted 
soil. Pyrene has a vapor pressure of 6.010-4 Pa (Mackay et 
al., 1992). These results are supported by several studies 
reported in literature. In a study by Liste and Alexander 
(2000), which investigated the capability of nine plant 
species to promote the degradation of pyrene in soil, it was 
found that higher pyrene was degraded in cultivated soil 
compared to non-cultivated soil. Moreover, Venkata et al., 
(2006) found a faster pyrene dissipation in the rhizosphere of 
several plants than in the bulk soil.

The pyrene c oncentrations in soils cultivated with 
sunflower (Helianthus annuus) decreased respectively by 
28.71, 50.07, and 58.86% with respect to the initial values. 
This decrease was not statistically significant except for 
C2.  This result was agreed with Besalatpour et al. (2010) 
who found that sunflower (Helianthus annus ) hadn’t any 
significant effect on the reduction of the total petroleum 
hydrocarbons (TPHs) in the contaminated soil. Planting 
contaminated soil with sunflower (Helianthus annuus) 
stimulates pyrene degradation through root exudates, which 
have a clear impact on the development of PAHs degraders’ 
populations (Ortega-Calvo et al., 2017; Olson et al., 2007). 

Pyrene uptake by different plant parts (root, shoot, and 
disc) and by the whole plant are shown in Table 3. During 
the growth phase, plants can accumulate contaminants in 
roots, stems, and leaves, and pyrene is eventually removed 
by harvesting the plant when the treatment is terminated 
(Mahar et al., 2016).

3.1. Pyrene removal and uptake from the contaminated soil
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Parameter Unit value

Sand % 42.37

Silt % 37.45

Clay % 20.18

Texture - Loam

pH - 8.11

Electrical conductivity (EC) dS/m 0.893

Organic matter content % 6.14

Pyrene mg/kg 0.2

Table 1. Physiochemical properties of the studied soil samples

Table 3. Pyrene uptake by plant parts (root, shoot and disc) and by 
the whole plant.

Table 2. Pyrene removal from the contaminated soil

*Values of C1, C2 and C3 are means of triplicate measurements, values 
followed by the same letter are not significantly different at (p˂0.05).

*Values of C1, C2 and C3 are means of triplicate measurements, values 
followed by the same letter are not significantly different at (p˂0.05).

Treatment Initial (mg) removal percent  (%)

C 1 1.8 28.71a

Control C1 1.8 8.67a

LSD - 25.78

C2 150 50.06a

Control C2 150 24.78b

LSD - 19.03

C3 300 58.86a

Control C3 300 39.71a

LSD - 26.8

Treatment
(mg/kg)

Root uptake
(%)

Shoot uptake
(%)

Disc uptake
(%)

Plant uptake 
(%)

C 1 0.5b 12.1b 7.6b 20.27a

C 2 0.027ab 1.88ab 1.65a 3.56a

C 3 0.028a 0.86a 1.23a 2.72a

LSD 0.29 17.95 7.31 17.63



The results showed that roots, shoots, and discs 
significantly uptake more amount of pyrene at C1 treatment 
compared with other treatments (Table 3). There were no 
significant differences between the three treatments in 
pyrene uptake by the plant, taking into consideration the 
total amount of pyrene in the soil. However, the results 
showed that the increase in concentrations of pyrene in the 
soil leads to a significant decrease in the uptake percentage 
by different plant parts between treatments. The obtained 
results concur with Kacálková’s and Tlustoš’s (2011) study 
findings where the pyrene PAH uptake by the plant was 
significantly low when cultivated in soil contaminated with 
high PAH concentrations.

The extent to which an organic pollutant enters plant roots 
from contaminated soils depends on the physicochemical 
characteristics of the compounds including contaminant 
concentrations in the soil, octanol/water partition coefficient 
(log Kow), and other factors such as organic carbon content 
of the soil and plant species (Nwoko, 2010). Hydrophobic 
compounds with log Kow > 3.0 are bound so strongly to the 
surface of roots that cannot be easily translocated within 
the plant. Pyrene log Kow is 5.18, Mackay et al., 1992. This 
could explain the insignificance of pyrene accumulation in 
tested plant shoots and roots.

However, statistical analysis of the obtained data showed 
that there are no significant (p ˂0.05) effects of the different 
concentrations of pyrene on the lengths of plant root and 
shoot (Figure 3). These results would imply that pyrene 
does not affect the development of sunflowers (Helianthus 
annuus) height. Same results were found in literature using 
L. perenne (D’Orazio et al., 2013), related this effect to the 
other factors associated with the plant itself and other soil 
factors.

The results showed that phytoremediation mechanism for 
all treatments include extraction, degradation, volatilization, 
and stabilization by plants as indicated by more than 50% 
removal for higher concentration of pyrene. Moreover, the 
results indicate that the removal of pyrene does not result in 
any toxicity for the used plant. 

To observe the effect of pyrene uptake on plant growth, 
the fresh and dry weights of plant parts (root, shoot, and 
disc) and shoot and root heights were measured at the end 
of the growth cycle. Fresh and dry weights of plant parts 
(root, shoot, and disc), after the phytoremediation test, are 
presented in Figure 2. Statistical analysis of the data showed 
that pyrene, at low concentration applied (C1), was generally 
non-toxic to the three plant parts. The C1 concentrations of 
pyrene had no significant (p˂0.05) effect on the fresh and 
dry weights of the different plant parts. No severe plant 
growth inhibition was apparent during the growth period. 
While C2 and C3 have a significant effect (p˂0.05) among 
fresh and dry weights of plants (Figure 2). The maximum 
root, shoot, and disc for both fresh and dry weights were 
found at (C1) treatment. The minimum root, shoot, and disc 
fresh weights were found at pyrene (C2) treatment (Figure 2). 
As the pyrene concentration increases in soil, the sorption by 
soil particles increases resulting in the prevention of pyrene 
uptake by plants (Olu-Owolabi et al., 2014). Increasing soil 
pyrene concentration has increased the sorption by soil 
particles and hindered pyrene uptake by plants. This can be 
attributed to the fact that when the transport of pyrene at the 
external soil surface and within the internal pores is equal, 
less transboundary movement of pyrene is allowed. However, 
as the concentration increases, the transboundary movement 
of pyrene resumes, and the adsorption is concentration-
dependent (Olu-Owolabi et al., 2014). This explains why 
the C3 treatment showed higher root, shoot, and disc weight 
compared with C2.

3.2 Plant characteristics at different concentrations of the 
contaminants

 Figure 2. Weight (g) of plant parts (shoot, root and disc) after 
phytoremediation test fresh weight b. dry weight. (Values with the 

same letter are not significantly different at p≤0.05 (LSD test).

 Figure 3. Shoot and root length (cm) after phytoremediation test 
of pyrene.

Values with the same letter are not significantly different at p≤0.05
(LSD test).
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Comparing pyrene removal from soil and plant uptake 
(Figure 4), each point is the average of triplicate. For the 
86-day phytoremediation trial, the amount of pyrene in 
the uncultivated, pyrene-spiked control soil decreased by 
8.67%, 24.78%, and 39.71% respectively. The distribution 
of pyrene in the soil and plants is shown by these findings. 
The soil used to cultivate sunflowers (Helianthus annuus) 
reduced pyrene by 28.71%, 50.10%, and 58.86% respectively, 
when measured in comparison to the initial levels. While 
the percentage of removed plants was 20.30%, 3.60%, and 
2.70% respectively. These results demonstrated that plant 
removal decreased as soil pyrene content increased whereas 
the opposite was true for soil removal. 

of the contaminant. Sunflowers (Helianthus annuus) showed 
their ability to accumulate pyrene in their tissues, and 
this accumulation was increased with the decrease in the 
contaminant concentration in the soil without showing any 
toxicity. Therefore, plant cultivation on pyrene-contaminated 
soil appeared to play a significant role in ecosystem 
restoration by limiting the spread (erosion, leaching) of 
pyrene and restoring sites contaminated with pyrene. Thus, 
this practice represents an important tool for the control of 
pyrene migration in soil. Sunflower (Helianthus annuus) 
accumulated more amounts of pyrene in its aboveground 
parts (shoot and disc) compared with underground parts 
(roots).

These results (Figure 4) indicated that several factors play 
a major role in pyrene removal from soil. As the concentration 
of pyrene in soil increases, the effect of plant uptake is low, 
supporting that the pyrene removal is affected by other 
factors due to evaporation, degradation, and the presence 
of certain genera that are capable of using pyrene as energy 
and sole carbon source in the rhizosphere area and promote 
biodegradation of pyrene (Liu et al., 2013; Zeng et al., 2019; 
(Yang et al., 2021). Moreover, bioavailability plays a major 
role in plant uptake. Several factors affect the bioavailability 
such as aging or contamination. A study by Smith et al., 2011 
showed that pyrene loss, through mechanisms not connected 
to plants, could more easily occur in freshly spiked soils. 
Presence of organic matter in high amounts (Table 1) more 
than 2% could play a role in limiting the bioavailability of 
pyrene for plants through adsorption. A study by Chekol et 
al., 2002 showed that under high soil organic matter (6.3%) 
conditions, adsorption, or covalent binding of pyrene to 
SOM are the dominant forces for pyrene retention in soil, 
limiting pyrene bioavailability for plants. Therefore, under 
the soil conditions of this study, sunflower (Helianthus 
annuus) with other soil factors showed a promising potential 
in promoting the phytoremediation of pyrene freshly added 
to the soil without any toxicity or any effect on plant growth. 
Moreover, the accumulation of pyrene in the aboveground 
parts helps remove pyrene by harvesting. 

 Figure 4. Total pyrene removal from spiked soil by soil and plant
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Abstract

1. Introduction

2. Materials and methods

This work was carried out in accordance with the 
research schedule and is an addition to the theoretical study 
of the injection of carbon dioxide into the productive strata 
of depleted oil fields. The paper clarifies the geological 
characteristics of the experimental area and sets out main 
issues, the solution of which depends on the volume of CO2 
supply.

A preliminary assessment of the effectiveness of the use 
of CO2 in one- production well is given. The results of testing 
the technology for washing the sediment of asphalt-resinous 
substances in injection wells are presented.

Recommendations are given for the development and 
restoration of injection wells. The results obtained and these 
recommendations can be used for CO2 injection (Andreev et 
al 2023, ChizhovA et al 2021, Rabaev et al. 2021).

For the preparation of porous media, cores of Devonian 
deposits were used, taken in well Nos. as Devonian 
productive objects. Layer D1 is represented by 47 samples 
of core material, layer D2-57 samples. Oil saturation was 
determined from core samples from wells Nos. 1070 and 
1173.

The parameters of the core material samples are shown 
in Table 1. A comparison of the weighted average values of 
the parameters of the samples showed that reservoir D1 has 
better reservoir properties than reservoir D2. The filtration 
properties of the D1 formation samples are 1.8 times higher, 
the porosity is 8.8% higher, and the carbonate and clay 
contents are 1.3 and 1.4 times lower respectively (Figure 1).

The substantiation of the design provisions of the 
pilot works involves laboratory studies to determine the 
oil displacement coefficients for water, carbonated water,  
carbon dioxide, and the effect of CO2 on the physical 
properties of oil, water, and host rocks.

To test the conditions of the experimental site of the oil 
field, a set of laboratory studies has been carried out to study 
the solubility of CO2 in oil, the effect of carbon dioxide on 
the composition and gas factor of oil, its distribution over 
heterogeneous layers during filtration.

Keywords: Core, Efficiency increase, Oil displacement, Injection, Carbon dioxide, Oil recovery.
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The article presents new results of laboratory studies, along with a summary of previously obtained ones. An analysis of the 
development of reserves in the experimental area was carried out with recommendations for improving the efficiency of its 
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 Figure 1. Thickness-weighted average values of the main parameters 
of sandstone samples
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Table 1. Thickness-weighted parameters of the core material of the polygon object

Table 2. Average values of the parameters of the sandstone samples of the deposit before and after exposure to carbon dioxide

Table 3. Solubility of CO2 in injected water

Wells
Definitions Parameters

Layer Permeability, ×10-12 m2 Porosity, % Carbonate content, % Clay content, % Oil saturation, %

733
Quantity 7 7 7 7 -

D1 0,144 15,7 1,24 1,87 -

880

Quantity 2 2 2 2 -

D1 0,334 18,4 0,8 1,6 -

Quantity 28 28 28 28 -

D2 0,131 16,3 1 2,3 -

1070
Quantity 25 25 25 25 25

D2 0,149 15,5 0,6 2 36,9

1173

Quantity 26 29 28 29 28

D1 0,238 17,2 0,37 1,3 36,4

Quantity 4 4 4 4 3

D2 0,05 14,2 1,64 1,7 29

Permeability interval, ×10-12 m2
Initial values After exposure to CO2

Kpr, ×10-12 m2 m, % Kkarb, % Kgl, % Kpr, ×10-12 m2 m, % Kkarb, % Kgl, %

0.01-0.05 0 15.67 1.3 2.38 0.051 15.92 1.23 1.05

0.05-0.10 0.1 15.75 0.67 1.8 0.104 16.16 0.62 1.18

0.10-0.20 0.1 16.51 0.91 2.02 0.158 16.73 0.67 0.63

0.20-0.30 0.2 17 0.73 2.07 0.256 17.28 0.58 1.12

0.30-0.40 0.4 17.63 0.59 1.85 0.393 18.1 0.51 1.03

0.40-0.50 0.5 17.65 0.67 1.62 0.528 18 0.51 1.29

0.50-0.60 0.5 19.1 0.3 1.07 0.577 19.4 - -

0.80-1.00 0.9 20.9 0.56 0.73 1.087 21.4 0.4 0.62
Notes: Kpr – permeability; m – porosity; Kkarb - carbonate content; Kgl - clay content.

Under the experimental conditions (pressure 11 MPa, 
temperature 313 °K), the oil had a viscosity of 7.86 mPa×s, a 
density of 0.848 g/cm3, a viscosity of water of 0.856 mPa×s, 
and a density of 1.0614 g/cm3 (Chizhov et al 2020, Mousa et al 

2012, Qahir et al 2014). The solubility of CO2 in water and oil 
under reservoir conditions was experimentally determined 
(Table 3, Figure 2), as well as the change in the gas factor of 
oil saturated with CO2 (Table 4, Figure 3).

Pressure, Mpa 4 6 8 10 12 14 16 18

CO2 concentration in water, % by weight 2.3 3.3 3.8 4 4.1 4.2 4.3 4.4

 Figure 2. Solubility of carbon dioxide in oil  Figure 3. GOR of oil saturated with CO2
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Table 4. Change in GOR of oil saturated with carbon dioxide under reservoir conditions

Table 5. Coefficient of oil displacement by water from core sandstones

Dissolving in oil, carbon dioxide significantly reduces its 
viscosity and increases saturation pressure. The distribution 
coefficients of CO2 between water and oil and oil and the 
CO2 phase, were determined under dynamic conditions in 
free volume at a pressure of 11 MPa and a temperature of 313 
°K. The average value of the distribution coefficient between 
oil and water is 1.83, and it is between oil and CO2 phase is 
4.28.

 Figure 4. Oil displacement values for different CO2 injection 
volumes

GOR*, m3/t/share.unit 37/1 72.40/1.89 91.50/2.38 143.90/3.75

CO2 concentration in oil, % wt. 0 5 10 20

* Pressure - 18.5 MPa, temperature - 313°K

3. Results and Discussion

The displacement of oil with water, carbonized water, 

and carbon dioxide was carried out at a pressure of 11 MPa 
and a temperature of 313 °K. The results of oil displacement 
by water (Table 5, Figure 4) show that in the permeability 
range of 0.02-0.05×10-12 m2, the displacement coefficient 
increases from 0.665 to 0.699, and in the permeability range 
of 0.05 - 0.25, the oil displacement coefficient by water is 
0.697± 0.043.

The results of experiments on oil displacement by carbon 
dioxide show that the alternating injection of portions of CO2 
and water does not reduce the efficiency of the method.

2020, Chizhov et al 2019, Andreev et al 2019), the main 
technological parameters of CO2 and water injection were 
the total volume of the CO2 slug (Vot) that is 15% Vn, and 
the ratio of the volumes of injected water and CO2, (λ) is 3:2. 
In subsequent experiments, the values Vot and λ, accepted 
in (Chizhov et al 2020, Chizhov et al 2019), were confirmed. 
The minimum number of portions (n) into which the CO2 
slug must be divided is also determined in order to prevent 
premature breakthrough of the reagent into production 
wells. Experiments to determine the minimum required 
number of CO2 portions were carried out on models of non-
communicating, heterogeneous reservoirs with a common 
input and separate withdrawal of fluids. Considering that 
the change in such parameters as oil saturation, composition, 
and properties of residual oil cannot be controlled during the 
studies. All experiments were carried out on water-saturated 
reservoir models (Table 6).

At the next stage of research, the distribution of carbon 
dioxide over heterogeneous reservoirs was determined 
during the filtration process. According to (Chizhov et al 

Number models Length of reservoir model, m Permeability, ×10-12 m2 Porosity,% Bound water,% Water flow rate, m/year

1 0.411 0.004 14 10 66

2 0.569 0.023 16.8 10 189

3 0.55 0.025 17.2 9.5 30

4 0.428 0.034 15.2 9.8 106

5 0.408 0.052 16.4 11.1 293

6 0.573 0.054 18.4 8.6 253

7 0.408 0.059 16.3 10.4 294

8 0.402 0.064 16.6 9.2 145

9 0.402 0.069 16.1 10 298

10 0.573 0.108 18.5 9.7 252

11 0.589 0.12 16.4 9.6 282

12 0.429 0.124 16.2 9.2 332

13 0.589 0.142 16.6 9.8 279

14 0.588 0.143 16.9 9.2 265

15 0.583 0.146 17 9.8 322

16 0.42 0.198 18 10 267

17 0.423 0.206 17.8 9.7 270

18 0.421 0.216 18 9.4 270

19 0.423 0.225 17.7 9.6 270

20 0.42 0.227 17.9 9.6 267



Table 6. Characterization of reservoir models

Table 7. Influence of the state of aggregation of carbon dioxide on 
the distribution parameters in reservoirs with different permeabilities

Table 8. Distribution parameters of carbon dioxide rims with a size of 
12% of the void space of the reservoir at various values of the ratios 

of CO2 to water and the number of portions

Model number Length, ×10-2 m Permeability, ×10-12 m2 Permeability ratio, units

1 58 54.8 0.144 0.018 7.8

2 52 54.8 0.158 0.026 6

3 54.8 54.8 0.133 0.039 3.41

4* 101.8 54.8 5.001 0.039 128.2
*Note: Model 4 was made for the physical modeling of phase permeabilities, which can be an order of magnitude or greater than the ratio of reservoir 
permeabilities

On these reservoir models, several series of experiments 
were carried out at a pressure of 10.0 MPa, a temperature of 
299.5 °K and 313 °K, and an average velocity of fluids in the 
pore space of 201 m/year. The volume of the CO2 slug was 12 
and 16% of the pore volume of the reservoir model samples. 
Each series consisted of four experiments, during which the 
injected CO2 slug was divided into 5, 10, 20, or 40 portions. 
In each series of experiments, the ratio of the volumes of 
water and CO2 were constant. A series of experiments was 
carried out for at ratios of water and CO2 equal to 1, 1.5, 
2, and 3. Since the reservoir temperature of the polygon is 
313 °K and exceeds the critical temperature of CO2 (304.1 
°K), two series of experiments were carried out to determine 
the degree of influence of the state of aggregation of carbon 
dioxide on its distribution in heterogeneous reservoirs. The 
experiments were carried out at temperatures of 299.5 °K 
and 313 °K. The results of the experiments are shown in 
Tables 7 and 8.

Experiments have shown that the influence of the state 
of aggregation of carbon dioxide on the parameters of its 
distribution over heterogeneous layers during filtration is 
very insignificant. The nature of the distribution of CO2 in 
heterogeneous reservoirs with the size of the rims of both 
12% and 16% of the volume of the void space of the polygon 
object is similar, and the flow of the reagent into the low-
permeability reservoir is facilitated by an increase in CO2 and 
the number of rims. But this relationship is ambiguous. Thus, 
when the number of portions is less than 20, an increase in 
ratios of 1.5-3 entails a sharp decrease in the supply of carbon 
dioxide to a low-permeability formation. 

Geological and hydrodynamic modeling of oil recovery 
using CO2 rims in the pilot area. In the experimental area, the 
deposits coincide in plan and are separated from each other 
by D1 and D2 layers (Andreev et al 2019, Chizhov et al 2020, 
Chizhov et al 2020). Formation D2 is underlain by bottom 
water over most of the area of the pilot area. Heterogeneity 
in reservoir permeability obeys a logarithmically normal 
distribution law with a variation coefficient of 0.79 and an 
average permeability value of 0.15×10-12 m2. Data on the 
geological structure of the reservoirs, the type of reservoirs, 
and their heterogeneities are the basis of their geological and 
physical models. Their characteristics are shown in Figure 6.

The distribution parameter (R) is a dimensionless value, 
which is the ratio of the amount of fluid entering the high-
permeability reservoir (Qv) to the amount of fluid entering 
the low-permeability reservoir (Qn). 

The thickness-weighted average values of permeability 
and porosity for the D1 formation are 0.24×10-12 m2 and 
17.6%, and for the D2 formation 0.133×10-12 m2 and 15.77% 
respectively (Figures 6-8). 

Temperature, °K
Number of servings, units

1 5 10 20 40

299.5 3.42 3.05 2.77 2.68 2.54

313 3.6 3.22 3.11 2.96 2.76

The ratio of CO2 
to water ( λ), units

Number of servings, units

5 10 20 40

3 2,24 2,39 1,4 1,24

2 1,53 1,64 1,49 -

1,5 1,61 1,51 1,42 1,37

1 1,63 1,9 1,59 1,59

 Figure 5. Distribution parameters of carbon dioxide fringes with a 
size of 16% of the pore space at different values of the ratio of CO2, 

water, and the number of servings

 Figure 6. Average values of the parameters of the pilot area used in 
the simulation of oil displacement from the reservoirs of group D.
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Table 9. Initial data for determining development indicators

The calculation of technological indicators was carried 
out using a quasi-one-dimensional numerical model of the 
process of displacement of oil by CO2. It also uses water 
in layered formations for a characteristic element of the 
formation (Andreev et al 2019, Chizhov et al 2020, Andreev 
et al 2020, Efimov et al 2021) and a special program for 
summing the indicators for the entire development object. 
The initial data for calculations are given in Table 8, and 
the additional data are as follows: At the existing formation 
pressure of 18 MPa and temperature of 40°C, the density 
and viscosity of the injected CO2 and water are 0.79, 1.06 
g/cm3 and 0.076, 0.86 mPa×s respectively. The equilibrium 
values of the mass fraction of CO2 in oil and water are 0.246 
and 0.044. As a result of processing laboratory experiments 
on the displacement of oil by water and carbon dioxide, the 
following dependences of the relative permeability of the 
phases were established (Yamaletdinova et al 2020 , Andreev 
et al 2020,Chizhovet al 2019): 

- for oil

- for water 

- for gas

Where

Here, Sαi and Sαr are the initial and residual saturation 
with phase α. Cα is the coefficient taking into account the 
solubility of CO2 in the α phase. Subscripts “o, w, and g” 
indicate that the parameters belong to the oil, water, and gas 
phases.

According to the development history, modified phase 
permeabilities were obtained. They have a form that differs 
in that the exponent in the expression for Kpo is 3.3 (Chizhov 
et al 2019,Efimov et al 2019, Dubinsky et al 2018 , Andreev et 
al 2019, Bentahar et al 2023), and the factor in the expression 
for Kpw is 0.25. In addition, the parameters of the aquifer for 
the D2 formation were refined (Table 9). The identification 
results are shown in Figure 9.

 Figure 7. The location of the experimental site on the tectonic map of 
the Volga-Ural oil and gas province. The blue polygon indicates the 
geological profile along the line of wells Nos. 365, 259, 412, and 63.

 Figure 9. Dependence of oil recovery and water cut on the pumped 
liquid volume

 Figure 8. Geological section of the pilot area along the line of wells 
Nos. 365, 259, 412, and 63. Options Dimension Values

Object area m2 6430000
Average depth m 2150
Oil pay thickness m 9.0
Porosity % 16
Oil saturation:
Initial
Residual

%
87
26

Geological reserves:
Oil
Gas

million tons
billion m3

5.24
0.26

Viscosity in reservoir conditions:
Oil
reservoir and injected water

mPa×s
5.85
0.86

Permeability ×10-12 m2 0.15
Permeability variation coefficient % 79
GOR m3/t 49.0
Displacement ratio % 70.0
Area sweep efficiency % 92.5
Well operation factor 0.95
Initial formation temperature °С 40
Initial reservoir pressure MPa 23.6
Saturation pressure MPa 9.7
Downhole pressure in production wells MPa 13.0
Pressure at the mouth of injection wells MPa 15.0
Discharge pressure MPa 34.0
Pressure drops MPa 21.0
Density in reservoir conditions:
Oil
Gas
Water

g/cm3

0.842
0.00112
1.06

Conversion factor t of oil in surface 
conditions in m3 in reservoir

1.267
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At the beginning of 2023, 69.6% of the recoverable oil 
reserves were withdrawn at the pilot site of the field with a 
water cut of 59.0%. The development is carried out using spot 
flooding. Due to the fact that CO2 injection is limited to a supply 
of 40 thousand tons per year, the pilot facility-polygon is limited 
to 11 injection and 42 production wells. In these studies, the base 
case is development with water flooding. Development system 
parameters were as follows: in-loop flooding, triangular well 
pattern 500×500 m, density 153,000 m2, injection to production 
well ratio 1:3.7. The options for injecting CO2 rims and water 
into the D1 and D2 formations were modeled using the existing 
development system. In this case, the reservoir D2 is covered by 
the impact of the reagent only within one injection site. 

The calculations of technological indicators were 
preceded by numerical studies on a characteristic element of 

A comparison of the technological parameters of the 
options shows that the injection of CO2 and water in a ratio 
of 1:1 is somewhat better than the others. With almost the 
same increase in oil recovery, there is a better dynamic of 
displacement characteristics, a shorter development period, 
and a lower water-oil ratio. Similar results were also obtained 
for ratios of 1:1.5, and 1:2. Nevertheless, from these three 
options, one should choose the option with a ratio of CO2: 
water - 1:2, which represents the least risk of a premature 
breakthrough of carbon dioxide into production wells. For 
the selected technological ratio (CO2: water - 1:2), various 
calculations were performed with different total carbon 
dioxide rim - 0.1, 0.2, and 0.3 of the pore volume of the 
polygon object. The calculation results are shown in Figure 10.

For these values, calculations of technological indicators 
of the development of the object under consideration were 
made. The recommended option is with a total CO2 slug of 
0.3 formation pore volume. The development options using 
enhanced oil recovery methods do not provide for a change 
in the number of production and injection wells and their 
location, compared to the base case. Only the water flooding 
technology changes. As of January 1, 2023, the current oil 
recovery in the D1 and D2 formations of the experimental 
area reached 27.4%, and the water cut was 59.2%. 

It is assumed that the injection of carbon dioxide began 
in 2026 and by the beginning of 2028, 29.4 thousand tons 
will be injected. It is planned to inject carbon dioxide in 
the period up to 2046 in the amount of 0.3-pore volume of 
CO2-covered reserves, which is formally 0.13 pore volume of 
the entire experimental area. The total consumption of CO2 
will be 789.4 thousand tons. The increase in oil production 
over the entire development period will be 298.6 thousand 
tons. 0.39 tons of additional oil will be taken per ton of spent 
reagent. The estimated total development period is 53 years. 
The increase in oil recovery due to the use of carbon dioxide 
will be 12.2%. The value of the ultimate oil recovery in 
layers D1 and D2 of the experimental area will reach 49.2%.

the development system to determine the best technology for 
injecting CO2 and water into the Devonian formations. The 
processes of flooding, injection of a continuous slug of CO2 
pushed by water, an alternating slug of CO2 and water with 
the ratio of their volumes in 1 injection cycle were 2:1, 1:1, 
1:1.5, 1:2, 1:3, and 1:5. The analysis of the obtained simulation 
results showed that with a decrease in the CO2 as follows: water 
ratio, the dynamics of the oil fraction and, accordingly, the 
current oil recovery deteriorate somewhat. However, early gas 
breakthrough and a rapid increase in the gas factor make the 
use of the continuous slug injection technology and the risky 
technology of alternating slug injection with a ratio of 2:1. 
Moreover, the increase in ultimate oil recovery for these options 
is lower than for technologies with CO2: water ratios are 1:1, 
1:1.5, and 1:2 (Table 10).

4. Conclusions

Based on laboratory studies to predict the development 
indicators of a pilot site on geological and hydrodynamic 
models of an oil field using carbon dioxide, the following 
data are presented as follows:

Table 10. Key technological indicators of development of D1 and D2 formations with different technology of carbon dioxide and water slug 
injection (total СО2 slug - 0.2-pore volume)

*Note: Wells are shut down when GOR reaches 2000 m3/t.

Ratio of CO2 and water slug 
volumes in one injection cycle

Oil recovery, 
%

Increase in oil 
recovery, %

Development period 
(conditional), years

Cumulative injection 
of agents, units

Water-oil factor by the end 
of development, m3/m3

Flooding 47.7 - 66.5 1.79 3.02

1 : 5 57.6 9.9 89.5 2.26 2.97

1 : 3 57.9 10.2 80.8 2.08 2.62

1 : 2 58.4 10.7 79.8 2.01 2.45

1 : 1.5 58.4 10.7 75.6 1.94 2.33

1 : 1.0 58.3 10.6 71.3 1.88 2.22

2 : 1.0 58.0 10.3 67.7 1.84 2.15

CO2 slug only 35.6* 12.1 22.0 0.59 0.66

 Figure 10. Dependence of oil recovery increment (∆η) and oil 
fraction (fo) on the withdrawn volume of liquid since the beginning 
of the method application at various CO2 slug sizes. Numbers 
indicate the following: 1 - total CO2 slug with a value of 0.1 of 
the pore volume of the formation; 2 – total CO2 slug – 0.2 of the 
formation pore volume; 3 - total CO2 slug - 0.3 of the reservoir pore 

volume
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- Coefficient of oil displacement by water is 0.700 units;
- Distribution coefficient of CO2 between oil and water and 

between oil and CO2 phase is 1.83 and 4.28 units 
respectively;

- Increase in oil displacement coefficients for rims of 16, 21, 
and 30% of the pore volume of the formation is 0.089, 
0.100, and 0.110 units respectively;

- Coefficient of oil displacement by carbon dioxide (CO2 
consumption 0.8 formation pore volume) is 0.918 
units;

- Coefficient of oil displacement by carbonized water 
(CO2 consumption 0.8 formation pore volume, CO2 
concentration - 4.4% wt.) is 0.766-0.780 units;

- The number of portions into which the CO2 slug is divided 
is at least 20; 

- The ratio of the volumes of portions of water and carbon 
dioxide is 1.5 or more.

Thus, the use of the parameters of the process of oil 
displacement by carbon dioxide rims obtained in the course 
of laboratory experiments, will make it possible to reasonably 
approach the implementation of the forecast of technological 
indicators for the recovery of residual oil reserves.

Modeling of oil recovery processes using CO2 and water 
rims showed that the final oil recovery would increase by 
12.2%, and an additional 0.39 tons of oil would be produced 
per ton of carbon dioxide.
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Abstract

1. Introduction

Bangladesh is one of the countries that is among the most 
vulnerable to the effects of climate change. This vulnerable 
situation is due to the country’s undesirable location, flat, 
low-lying topography, high density of population, extreme 
poverty, dependence on climate-sensitive industry segments, 
particularly agriculture and fisheries, and ineffective 
institutional characteristics (Climate Change Cell, 2006; 
DoE, 2012; Ahmed et al., 2013). Severe weather events have 
occurred in Bangladesh, a nation with a total area of 147,570 
square kilometers and roughly 160 million people (BBS, 
2001; Dewan, Yamaguchi, and Rahman, 2012). On average, 
there are 1015 people per square kilometer, and the yearly 
growth rate is 1.37 percent (BBS, 2011). The 35 million 
people who reside in the Bay of Bengal’s low-lying coastal 
districts are particularly at risk from natural disasters such 
as storm surges caused by cyclones, coastal floods, river 
bank erosion, sea level rise, and saline water intrusion (BBS, 
2013); (Dasgupta et al., 2014). The beaches of Bangladesh 
are dynamic, have multiple functions, and are challenging to 
represent spatially (FAO, 1998). The coastline of Bangladesh 
contains 147 sub-districts and 19 districts, with a combined 
size of 47,201 km2 in total (BBS, 2013). 

The country’s coastline, which accounts for 32% of its 

total land, exacerbates the consequences of climate change. 
The problem at hand is the climate alteration in every region 
of the earth. Climate change results in weather that is both 
more severe and unpredictable (IPCC, 2007). Climate change 
includes both the increase in frequency and the increase in 
intensity. Disasters, such as floods, cyclones, tornadoes, 
tidal surges, storm surges, river banks, shoreline erosion, 
and droughts, are frequent occurrences in the tropical region 
of Bangladesh (Hahn, Riederer, and Foster, 2009). 

The “cyclone season” runs from April to May and 
September to November, negatively impacting the lives 
of people experiencing poverty in twelve districts (Abu et 
al., 2017). These districts include Khulna, Bagerhat, and 
Satkhira. People of Khulna, Bagerhat, and Satkhira in the 
Southwest coastal zone lost their lives and their means of 
subsistence when river dams, dykes, and polders ruptured as 
a result of Cyclone Aila’s tidal surges that reached a height 
of 13 feet on May 25, 2009. Before Aila, on November 15, 
2007, a storm named Sidr battered the coastal districts 
of Bangladesh with a surge that was as high as 16 feet. 
In October 2022, storm Sitrang attacked the coastline of 
Bangladesh (The Daily Samakal, 2022). Recently, hundreds 
of residents were affected by flooding in Mafraq City’s 
central and western areas. It is vital to manage such floods in 

Keywords:Climate change, Climatic trend, Vulnerability, Livelihood Vulnerability Index.

1Student, Department of Urban and Regional Planning, Pabna University of Science and Technology, Pabna, Bangladesh.
2Assistant Professor, Department of Urban and Regional Planning, Pabna University of Science and Technology, Pabna, Bangladesh

Climate change harms the households of coastal areas in Bangladesh because of the geographical position and changes in the 
climatic elements that are primarily at play. This study looks at the pattern of two prominent climatic elements: temperature 
and precipitation over thirty years, from 1992 to 2021, focusing on how those factors have changed. The findings revealed 
an upward increase in all elements, i.e., the maximum temperature, the lowest temperature, and the amount of precipitation. 
Using the Livelihood Vulnerability Index, this research looked at how vulnerable households are to the effects of climate 
change in the southwestern coastal area, namely in Amadi Union and Koyra Upazila in the Khulna district of Bangladesh. 
The original data came from a survey of 276 households and secondary data on rainfall and temperature for the period 
beginning in 1992 and continuing through 2021. The research conducted a comparative analysis to determine the household’s 
vulnerability to climate change. The empirical research found that families in the Amadi union were moderately exposed to 
the effects of climate change and the weather variability regarding their strategies for making a living, their social networks, 
the food they have, and their level of health. By considering the socio-demographic elements, social networks, livelihoods, 
natural disasters, and climate variability, households of the Amadi union were equally vulnerable regarding their adaptation 
potential and exposure. These findings have implications for the governments, donor agencies, and other relevant agencies 
in Amadi Union, Koyra Upazila, and Khulna, initiating and implementing initiatives to adapt to climate change and increase 
household resilience.
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order to keep them under control and reduce the effects they 
have on the local population (Amoush et al., 2017).

According to the Intergovernmental Panel on Climate 
Change (IPCC), climate change, induced by humans, is 
causing a dangerous and widespread disruption in nature, 
affecting billions of people worldwide (IPCC, 2022; Ahmed, 
2019). Those populations and ecosystems that are the least 
equipped to adapt to changing conditions are the ones that 
will suffer the most (IPCC, 2022). The rising intensity and 
frequency of weather extremes, droughts, and flooding are 
already exceeding the limits of tolerance that plants and 
animals have evolved to resist, leading to the loss of entire 
ecosystems, such as forests and coral reefs (IPCC, 2022). 
They have put millions of people in danger of starvation 
and dehydration, particularly in Africa, Asia, Central and 
South America, tiny islands, and the Arctic (DoE, 2012). 
To reduce the number of lives lost, the biodiversity, and 
the infrastructure destroyed due to climate change, urgent, 
ambitious, and speedy adaptation to climate change is 
required, in addition to rapid and significant reductions in 
greenhouse gas emissions (IPCC, 2022).

Bangladesh is in South Asia (Ahmed et al., 2013). 
These tidal currents are indeed the source of a broad 
range of weather events, such as tropical cyclones, severe 
storms, coastline erosion, seasonal wind, vaporization for 
monsoon rains, floods, and saline intrusion (Islam et al. 
2015). According to Ahmed et al. (2013), the coastal areas 
of Bangladesh are more prone to being negatively affected 
by the consequences of global warming (Ahsan and Warner, 
2014). This study aims to analyze the climate scenarios and 
evaluate the sensitivity of a portion of Bangladesh’s coastal 
areas to the effects that climate change will have on the way 
people live in that location. The Livelihood Vulnerability 
Index (LVI), produced by Hahn et al., is applied here in this 
research (Hahn, Riederer, and Foster, 2009). This index 
takes its primary data from housing units and uses some 

variables. As a result, it can measure not only the degree 
to which households are vulnerable to the effects of natural 
disasters and climatic variability but also their capacity 
for adaptation and their level of sensitivity to the effects of 
climate change. In addition, the computation of this index is 
more straightforward than other indices because it utilizes 
primary data from residences (Adger et al., 2009).
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2. Materials and Methods

The research has been carried out in Amadi Union, 
Koyra Upazila, and Khulna, Bangladesh’s southwest coastal 
districts. One of the most well-known sub-districts in 
Bangladesh’s southern coastal belt is the Koyra sub-district 
of the Khulna District (Ahsan and Warner, 2014). The 
union’s 41.47 square kilometer area is bordered to the north 
by the Chadkhali Union, to the east by the Maheshwarpur 
Union, to the south by the Koyra River, and to the west by the 
Kopotakkho River. In the Amadi Union, there are 27 villages 
and 17 mauzas (BBS, 2011). The meeting of three rivers, the 
Kopotakkho, the Sakbaria, and the Koyra River, is where the 
Koyra Subdistrict is situated. Men (19868), women (20336), 
and 8445 households make up the total population of 40200. 
The Amadi Union has a 77 percent literacy rate, which 
includes 14 high schools and three colleges (BBS, 2011; 
Koyra Upazila., 2011; Amadi Union Parishad, 2022). Due to 
its coastal location, the research area experiences cyclones, 
tidal waves, inundation, heavy rainfall, river erosion, saline 
soils, and waterlogging (Ahsan and Warner, 2014). Sidr in 
2007 and Aila in 2009, two catastrophic storms, devastated 
the region in close succession (BBS, 2011). The Harinkhola 
Dam in Koyra Upazila of Khulna collapsed by 200 meters 
recently due to Cyclone Sitrang, and the seaports of Mongla 
and Payra received Distress Signal Number 7. As a result of 
Cyclone Sitrang, ten to twelve local villages, notably Upazila 
Parishad, were inundated, and the high tides in the nearby 
rivers surged by five to seven feet above regular waves (The 
Daily Samakal, 2022).

2.1 Study area profile

 Figure 1. Amadi Union, Koyra Upazila, Khulna, Bangladesh 



 Figure 2. Methodological framework of the research

Primary and secondary data have been used to examine 
the climatic scenarios and livelihood vulnerability of Amadi 
Union, Koyra upazila, and Khulna, Bangladesh. 

The “Household Questionnaire Survey” was used to 
collect the primary data, and the sample size was initially 
determined using the “Yamane formula” (1967) with a 95% 
confidence level, 10% precision, and 50% prevalence:

                               (1) (Yamane, 1967)
where, n = Sample size 
N = Household size 
E = Margin of error 
Here, household size = 8445

The margin of errors = 0.005, and the sample size is 382 
households.

 =381.95 

Using statistics from the 2011 national census, which 
determined the union’s total population, 276 residences, 
rather than (n= 382), were surveyed in the Amadi union 
due to weather conditions, a lack of time, and a shortage 
of employees. When the field team arrived at the block, 
community leaders were called to inform them of the 
study’s purpose and request permission to meet homes. The 
Expanded Program on Immunization of the World Health 
Organization (WHO)’s “random walk” technique served as 
the basis for the home sampling strategy (WHO, 2005). The 
survey was conducted in August 2022 from the 20th to the 
26th.

Secondary data is information that another party has 
previously gathered. Data sources include government 
reports, websites, books, journal articles, and internal 
documents. Second-hand data sources include the Bangladesh 
Bureau of Statistics, World Bank Group, Climate Change 
Knowledge Portal, NASA Prediction of Worldwide Energy 
Resources (POWER) access data viewe, World Climate 
Data, Diva GIS portal, and Amadi Union Office. Secondary 
data on climatic elements were collected from the following 
source, as shown in the Table, and then processed in DIVA-
GIS and MS Excel.

This study utilized a metric known as the Livelihood 
Vulnerability Index (LVI), conceived by Hahn and his 
colleagues (2009). The extent to which a household is 
susceptible to the impact of climate change and natural 
disasters, as well as the household’s capacity for adaptability 
and responsiveness to the effects of climate variability, can 
be determined by some variables. These variables include 
the family’s location, the family’s socioeconomic status, the 
family’s level of education, and the family’s story of income, 
etc. (Hahn et al. 2009). Except for the data about temperature 
and precipitation, the computation of this index is made 
much simpler, thanks to the utilization of data gathered from 
individual residences.

The research relied on a total of eight essential 
components, including the socio-demographic profile (SDP), 
livelihood strategies (LS), social networks (SN), natural 
capacity, health (H), food (F), water (W), and natural disasters 
(ND). While calculating the vulnerability index, Hahn et al. 
(2009) used a symmetrical weighted average method. This 
method ensures that each indicator contributes the same 

The trend analysis uses the monthly maximum 
temperature and monthly lowest temperature data. Y = a 
+ bx connection was used to calculate the central tendency 
value (represented by value a) and rate of incremental value 
(represented by value b). Then, a straightforward statistical 
analysis was performed using the mean, range, standard 
deviation, and coefficient of variation (RECOFTC, 2016). 
The following relationships were used to derive linear trend 
line equations based on the 30 years of temperature time 
series records (1992–2021). This study has calculated the 
climatic elements trend analysis only for the Koyra Upazila, 
not the Amadi union because union-level data is too small 
to find the climatic variations. Climatic elements data, i.e., 
temperature and rainfall, are similar for both the Union and 

Upazila levels. That is why this study has used the Upazila 
level data to analyze the climatic trend of Koyra Upazila.

Y = a + bx                                      (2) (RECOFTC, 2016).

Thus, for a given time t, the estimated value Ye of Y 
(temperature axis) can be written as

Ye= a+bx                                            (3) (RECOFTC, 2016).

The value of a and b was computed by using equations 3 
and 4 respectively

∑Y = na + b∑x                                 (4) (RECOFTC, 2016).

Hence, a = ∑Y/n  as b becomes zero. 

∑xy = a∑x +b ∑x2                             (5) (RECOFTC, 2016).

Hence, b= ∑XY/∑x2 

where n is 30 (climatic data series of 30 years), and 
t is the corresponding time. The existing and future maps 
are prepared using DIVA-GIS 7.5 world climate data 
(RECOFTC, 2016).

2.2. Data Collection

2.3. Examination of Climate Scenarios 

2.2.1. Primary data

2.2.2. Secondary data

2.3.2. Assessment of Livelihood Vulnerability
2.3.2.1. Calculation of Livelihood Vulnerability Index (LVI)

2.3.1. Trend analysis of climatic elements (temperature and 
rainfall)
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 Figure 3. Variation of Annual Maximum temperature (oC) for the 
years 1992 to 2021

The following figures show a positive linear maximum 
temperature trend in Koyra Upazila, Khulna. In 1992, the 
annual maximum temperature was 42.35 degrees Celsius; in 
2021, it was 43.48 degrees Celsius. The current maximum 
yearly temperature of Koyra Upazila ranges from 30 degrees 
Celsius to 31 o degrees Celsius, which will increase to 
33 degrees Celsius by the year 2100, showed in the maps. 
However, Hossain et al. (2014) showed that the lowest average 
temperature is in January, and it will gradually increase until 
June, fluctuating from July to October, and then decreased 
until December in Dhaka.

capacity) (8) (IPCC, 2001).
The following equation brings together, among other 

factors contributing to openness, the components of the 
vulnerability index known as exposure, ability to adapt, and 
sensitivity (Hahn et al., 2009).

                                             (9) (IPCC, 2001).

Where Wmi is the number of factors that comprise 
each component, CFj is the factor contributing (exposure, 
sensitivity, or adaptive capacity) to the union j, and Mij 
is the significant component for the j union indexed by i. 
Following the IPCC’s definition of vulnerability, IPCC-LVI 
was computed after accounting for exposure, sensitivity, and 
adaptive capacity.

IPCC-LVI = (EI – AI) × SI                         (10) (IPCC, 2001).
The sensitivity index is SI, the adaptive capacity index 

is AI, and the exposure index is EI. This study employed 
the LVI-IPCC scale,  ranging from (-1) to (-0.4), which is 
not vulnerable, through (-0.41) and (0.3) which is moderately 
weak, and (0.31) and (1) which is highly vulnerable (Suryanto 
and Rahman, 2019).

The IPCC-LVI is yet another tool to create indices 
that indicate vulnerable places. According to the 
Intergovernmental Panel on Climate Change, vulnerability 
results from three contributing elements: adaptive capacity, 
susceptibility, and exposure. Adaptive capability refers to an 
individual’s ability to adjust to changing conditions (IPCC, 
2001; IPCC, 2011).

Vulnerability = ƒ (Exposure, Sensitivity, and Adaptive               

amount to the overall index, despite different components, 
including varying numbers of indications. As a result of the 
fact that each hand would be tracked on a unique scale, it was 
first necessary to normalize each indicator so that it could be 
represented by an index employing equation 6:

(6) (Hahn et al. 2009).
Index Xij signifies the index score (0–1) of the sub-

component or indicators for union j, Xij signifies the value of 
the ith hand for each union, and Max Xi and Min Xi illustrate 
the maximum and minimum values of the ith indicator 
throughout all blocks.  After indexing all of the arrows, the 
average of the importance of the hands was used to get the 
value of each significant component. Finally, the following 
equation 7 was used to determine each of the eight primary 
members:

Livelihood Vulnerability Index, 

  (7) (Hahn et al. 2009).
The total weights of each single component are added 

together to get the vulnerability index, which is the same 
thing. The number of subcomponents used to manufacture 
an element might impact the Wmi, also known as the 
component’s overall weight. For instance, if the SDP consists 
of four indicators, the WSDP will similarly contain four. In 
this scenario, the livelihood vulnerability index for district j, 
abbreviated as LVIj and “the livelihood vulnerability index 
for district j,” corresponds to the weighted mean of seven 
primary components. To ensure that each sub-component 
contributes an equal amount to the total LVI, the weight 
values of each significant element, which Wmi denotes, 
are calculated according to the absolute number of sub-
components contained within that considerable component 
(Sullivan, 2002). This research utilized a scale of LVI grades 
ranging from 0 to 0.2, being considered not to be vulnerable, 
0.21 to 0.4 being moderately vulnerable, and 0.441 to 0.5 
being very vulnerable (Suryanto and Rahman, 2019).

3.1.1. temperature 

2.3.2.2 LVI-IPCC

3. Results and Discussion
3.1. Examination of climatic scenario

 Figures 4. (left) and 5. (right). Map of Annual Maximum Temperature (Current and Future) of Koyra Upazila, Khulna  Source: World Climate 
Data 2022
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Yet for each month in 2021, compared to 1992, the 
monthly minimum temperature has also increased linearly. 
The temperature variation lends credence to the observed 
size and frequency of extreme weather events, resulting from 
global warming. Figure 6 shows that there is a positive linear 
trend of minimum temperature in Koyra Upazila, Khulna. In 
2013, the annual minimum temperature was recorded lowest 
at 17.73 degrees Celsius. In 2017, it was the highest at 19.34 
degrees Celsius. In 2021, the annual minimum temperature 
was 18.87 degrees Celsius, and in 1992 it was extremely low 
at 18.27 degrees Celsius.

in yearly rain. The annual rainfall (SD value) in 1992 was 
2.64, which increased to 6.72 in 2021, achieving a more 
significant increase in annual precipitation and cyclones, 
i.e., Mahasen and Nargis attacks. In 2007, the annual rainfall 
(SD value) was 5.76, and this year cyclone Sidr attacked the 
coastal belt of Bangladesh. In 2020, several cyclones shot the 
coastal belt of Bangladesh, i.e., Foni, Bulbul, and Amfan, 
and the precipitation level (SD value) of that time was 7.48. 
The Figure below represents the Khulna district’s annual 
precipitation from 1992 to 2021. The following maps show 
current and future annual precipitation. The yearly rainfall 
ranged from 1170 mm to 2072 mm and 1794 mm to 2022 
mm.

 Figure 6. Variation of annual minimum temperature (oC) for the 
years 1992 to 2021

 Figure 7. Annual Precipitation (mm) of Koyra Upazila, Khulna 
District, over the period 1992 to 2021

The second climatic element to examine climate scenarios 
is the amount of rainfall. The annual precipitation of Koyra 
Upazila has a positive linear trend that denotes an increment 

3.1.2. Rainfall

 Figures 8. (left) and 9. (right). Map of Annual Maximum Rainfall (Current and Future) of Koyra Upazila, Khulna 
Source: World Climate Data, 2022

Data from 276 households in the Amadi Union, Koyra 
were used to calculate the LVI and the LVI-IPCC. The LVI 
scores suggest that families in Amadi have a moderate 
vulnerability (LVI=0.40), and the LVI-IPCC scores indicate 
the same thing (-0.0013). Therefore, these scores reflect the 
same conclusion.

According to the findings, the vulnerability indices 
of the primary component fell somewhere in the range of 
0.24 to 0.55. The index varied from 0 to 0.2, representing 
non-vulnerability, 0.21 to 0.4, representing moderate 
vulnerability, and 0.41 to 0.5, representing very vulnerable. 
The composite value of the LVI was 0.40, which indicates 
moderate exposure according to the index.

The Socio-Demographic Profile (SDP), consisting of six 
subcomponents, was the first significant component of the 

study. The analysis, as a whole, was conducted using these 
six subcomponents. According to the socio-demographic 
profile index, which gave the degree of vulnerability a score 
of 0.24, the level of exposure was assessed to be moderate on 
the indexed scale. The dependency ratio index for the Amadi 
Union was 0.278, which indicated that the proportions 
of the people, under 15 and over 65 years old, who were 
dependent were moderate, showing moderate vulnerability. 
Additionally, the proportions of dependents, under 15 and 
over 65 years old, were reasonable and indicated moderate 
exposure. It is estimated that approximately 18% of the 
heads of households in the union did not have a primary 
education, which means that they did not ever attend school 
at any time in their lives. On average, 5.17 persons called 
each house their home, and the vulnerability score for the 
typical family member was 0.314, which is in the moderate 
range. In addition, the average age of heads of households 
was 38.67 years old, with an index of the average age of 

3.2.1. Livelihood Vulnerability Index (LVI) of Amadi Union, 
Koyra, Khulna

3.2. Assessment of Livelihood Vulnerability
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0.408, suggesting a greater degree of vulnerability. Just 12.3 
percent of household members possessed any expertise, 
either formal or informal, while women headed 16.3 percent 

of households. Based on this statistic, it may be deduced that 
households headed by women will be more vulnerable than 
those led by men.

    LVI-IPCC Major Component Sub Component Amadi, Koyra

Adaptive 
Capacity

0.377

Socio-demographic profile
(SDP)

Percentage of Female-headed household

0.24

Average Age of Household Head

Dependency ratio

Percentage of Households where the Head of the 
household Head had not attended school

Percentage of Households where members had 
any formal or informal skill

An average family member in a household

Livelihood Strategies
(LS)

Percentage of Households dependent solely on 
agriculture as an income source

0.55Percentage of Households dependent on other 
occupations

Percentage of Households who have the burden 
of a loan

Social Networks
(SN)

Average Time to reach nearest vehicle station 
(Minutes)

0.48A percentage of HHs have communicative 
devices (TV, radio, mobile, etc.) at home

Percentage of HHs where a family member is 
affiliated with any organization

Sensitivity
0.44

Food
(F)

Percentage of Households dependent solely on 
the family farm for food

0.46
Percentage of Households struggle to find food 

to support the whole year

Percentage of Households with a primary 
irrigation source

Percentage of Households that do not save crops

Natural Capacity
(NC)

Average Household income per month

0.34Percentage of Households using natural 
resources for livelihood

Percentage of Households with fertile land

Health
(H)

Average Time to health  facility (minutes)

0.51
Percentage of Households with a family member 

with chronic illness

Percentage of Households receiving treatment 
from government or private hospitals

Water
(W)

Percentage of Households that utilize a natural 
water source

0.48Average Time to reach water source  (minutes)

Percentage of Households reported to have a 
water availability problem

Exposure
0.374 Natural disasters and climate variability (ND)

The average number of flood, cyclone, storm 
surge, and river bank erosion events in     the 

past six years (Years: 2016-2021)

 0.374

Households that did not receive a warning about 
the pending natural disasters

Mean standard deviation of the monthly average 
of average maximum daily temperature (years: 

1992 to 2021)

Mean standard deviation of monthly average 
minimum daily temperature (years: 1992 to 

2021))

Mean standard deviation of monthly average 
precipitation (years: 1992 to 2021)

LVI-IPCC
-0.0013 Overall LVI (using equation 03) 0.40 

Table 1. Indexed major component and overall LVI value (calculated using equation 12)
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The plan consisted of three sub-components subdivided 
into the Livelihood Strategies (LS), the second most essential 
aspect of the project. When each of the individual components 
is aggregated, Amadi displayed a level of susceptibility that 
is noticeably elevated to a much higher level. There are 39 
percent of households in the neighborhood whose sole source 
of income comes from agricultural endeavors. Amadi is also 
home to families heavily dependent on various types of 
employment, including but not limited to business people, 
drivers, day laborers, fishermen, and a variety of others. In 
addition, the weight of loan payments is carried by 56% of 
households, which implies a higher level of vulnerability. 
This value demonstrates that a family’s dependence on 
the agricultural sector makes them more vulnerable to the 
effects of climate change than families whose primary 
source of income is not agriculture. They are more resilient 
to the impacts of climate change. Because around 70 percent 
of people live outside of cities and work in other economic 
sectors, they are far less vulnerable to the effects of climate 
change.

The Social Network (SN) was the third component, and 
it was subdivided into three different parts to understand 
it better. Amadi revealed a higher degree of susceptibility 
when each constituting element was considered (0.488). 
The average time necessary to reach the next vehicle station 
was 19.48 minutes, and an index score of 0.262 indicates 
moderate vulnerability. Around 94.9 percent of residents 
had communication equipment, such as televisions, radios, 
and mobile phones (59.1 percent). This equipment included 
radios, televisions, and mobile phones. Only 25.4% of people 
living in households were members of any government or 
non-government bodies, that would make people more 
vulnerable to the effects of climate change.

The fourth component was food (F), broken down into 
four distinct subcomponents before being assembled. The 
total score for this component was 0.46, suggesting a greater 
degree of susceptibility to the consequences of climate 
change. This score was determined by adding together all 
of the values of the sub-components. The fact that 51.4% 
of households had trouble locating sufficient food to last 
throughout the year indicates greater vulnerability. When a 
family knows they will always have food available, they can 
better deal with the pressures from the outside world, such 
as those brought on by extreme weather (World Bank, 2010).

As a result of the fact that people, communities, and 
nations have access to more significant amounts of high-
quality food, actual prices decline. Because of this decline, 
the basic incomes of these organizations can grow, as they 
develp  strategies for adjusting to the effects of climate change 
(World Bank, 2010). In the Amadi Union, approximately 
32% of the households obtained all their food from family 
farms, while 82% did not store their crops. This hugepercent 
presents a challenge since farm households that derive most 
of their nourishment from their crops are more exposed 
to the adverse effects of climate change. According to the 
food subcomponent index, the families whose primary food 
source comes from their crops are most sensitive to climate 
change’s impacts. These households do not store food for use 

in times of need when the weather is unexpected. And just 
19% of households have access to some irrigation supply, 
which leaves them vulnerable to the effects of climate 
change and makes them more likely to be affected by natural 
disasters.

The seventh primary component of the formula was 
denoted by the letter “W,” and it was water, composed of 
three sub-components. The element of the vulnerability 
index known as water has Amadi’s highest recorded score 
of any other location (0.48). Most Amadi households, 
58.7%, have claimed that natural water sources are their 
primary potable water supply. The existence of natural 
water sources increased the likelihood that a family would 
fall victim to waterborne diseases. Moreover, natural water 
sources made it more challenging to obtain water during the 
dry season. Because of the proximity of the water sources 
to one another in each of these villages, the majority of 
the responsibility for gathering water fell on the shoulders 
of the women and children. The number of hours working 
mothers spent watching for their children and sending them 
to school did not significantly change. They are compelled 
to look for alternative water sources to satisfy their family’s 
requirements for water in an area where seventy percent of 
households reported having water availability problems. It 
takes an average of seven minutes to get to the closest source 
of water, which gives it an index value of 0.16, indicating 
a reduced level of vulnerability. In recent years, the Tigris 
River has faced a number of challenges, including a lack of 
resources, dam construction by neighbouring countries, and 
the inflow of industrial and agricultural waste water as well 
as local trash (Hadithi et al., 2019).

The eighth and final main component was natural 
disasters and climatic variability (ND), which had five 
sub-components to make up the components as a whole. 
When everything was considered, the data for the Amadi 
Municipality suggested a higher level of danger (0.374). A 
notice about an imminent natural hazard with indices of 
0.275 was provided to around 27.5 percent of households in 
the Amadi Union that did not receive a warning about the 
most catastrophic flood, drought, and cyclone event that has 
occurred in the preceding six years in the region. During the 
past six years, the Amadi Union has documented an annual 
average of three instances of flooding, cyclones, storm 
surges, and bank erosion (Years: 2016-2021).

 Figure 10. Vulnerability score of the major components of the 
Livelihood Vulnerability Index (LVI) for Amadi Union, Koyra 

Upazila
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2016 and 2017 witnessed the fewest natural disasters (2), 
compared to 2020, which had the most natural disasters (5). 
Given that the index for this union is 0.3, it can be deduced 
that its susceptibility to the effects of climate change is 
moderate. During the 30 years, the Amadi Union reported 
an index of 0.464 for the mean and standard deviation of 
monthly average minimum daily temperatures and an index 
of 0.53 for the mean standard deviation of monthly average 
maximum daily temperatures. Both of these values were 
based on monthly averages. The weights, observed for 
Amadi’s indices on the mean standard deviation of monthly 
average precipitation, were 0.263 throughout the research, 
which spanned from 1992 to 2021. According to the mean 
standard deviation of the monthly average rainfall, these 
values would indicate that the Amadi Union had a degree of 
susceptibility in the middle of the spectrum.

The Intergovernmental Panel on Climate Change (IPCC) 
has come up with a definition of vulnerability that considers 
exposure, sensitivity, and adaptation. This idea is depicted 
in the form of the vulnerability triangle, which at any given 
time can have any value between 0 (which indicates a low 
contributing component) and 0.44 (which indicates a vital 
contributing part) (high contributing factor). Based on the 
vulnerability triangle findings, it is possible to deduce that 
the families comprising the Amadi Union were moderately 
vulnerable to climate change and variability. When one 
considers the circumstances of the families in the association 
regarding their access to water, their state of health, and their 
inherent abilities, one arrives at the current state of affairs. 
We observed that the Amadi Union homes had a capability 
for household adaptation that made them less sensitive to the 
effects of climate change. 

yearly temperature of Koyra Upazila ranges from 30 degrees 
Celsius to 31 o degrees Celsius, which will increase to 
33 degrees Celsius by the year 2100, showed in the maps. 
However, Hossain et al. (2014) showed that the lowest average 
temperature is in January, and it will gradually increase until 
June, fluctuating from July to October, and then decreased 
until December in Dhaka.

The fact that adaptable capacity received a score of 0.377 
and exposure received a score of 0.374 indicates that adaptive 
capacity is almost equal to exposure, although sensitivity 
received a score of 0.44. Amadi Union is more vulnerable to 
the effects of natural catastrophes and climatic fluctuations 
than its ability to adapt.

According to the data, the overall score for the LVI-IPCC 
was -0.0013. This places it in the category of vulnerable 
or moderate, depending on how the index, is interpreted. 
According to the final IPCC weighted LVI scores, a score 
between (-1) and (-0.4) indicates that a region is not vulnerable 
to climate change and variability; a score between (-0.41) 
and (0.3) suggests that an area is weak or moderate; and a 
score between (0.31) and (1) indicates that a part is the most 
vulnerable to climate change and variability. Scores ranging 
from (-0.31) to (1) show a vulnerable to moderate level of 
exposure. The eight key components were first separated 
into their respective categories—exposure, sensitivity, and 
adaptive capacity to arrive at the LVI-IPCC. 

The following figures show a positive linear maximum 
temperature trend in Koyra Upazila, Khulna. In 1992, the 
annual maximum temperature was 42.35 degrees Celsius; in 
2021, it was 43.48 degrees Celsius. The current maximum 

3.2.2. LVI-IPCC for Amadi Union, Koyra, Khulna 

Table 2. IPCC-LVI contributing factors and their indexed value

Contributing Factors Major components for Amadi 
Union

Number of sub-components 
per major component

Contributing 
factor values

LVI–IPCC value 
for Amadi

Adaptive Capacity

Socio-demographic profile 
(SDP) 6

0.377

-0.0013

Livelihood Strategies
(LS) 3

Social Networks
(SN) 3

Sensitivity

Food (F) 4

0.447
Natural Capacity (NC) 3

Health (H) 3

Water (W) 3

Exposure Natural disasters and climate 
variability (ND) 5 0.374

 Figure 11.  Vulnerability triangle of LVI-IPCC  for Amadi Union, 
Koyra Upazila
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